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PREFACE 

Land resources a re  a  ve ry  impor tan t  component o f  t h e  i n t e r a c t i o n  between 
man and t h e  environment.  The c u r r e n t  t r e n d  i s  toward an i n t e n s i f i c a t i o n  o f  
l and  use, which i s  d i c t a t e d  by t h e  i n t e n s i v e  growth o f  t h e  w o r l d ' s  popu la t i on ,  
and by t h e  i n c r e a s i n g  demand f o r  a g r i c u l t u r a l  products .  I n  many cases, t h e  
i n t e n s i f i c a t i o n  o f  l a n d  use may l ead  t o  nega t i ve  consequences, among which 
t h e  e ros ion  process and chemical po l  l u t i o n  f rom a g r i c u l  t u r a l  f i e l d s  wi 11 p l a y  
a  ve ry  impor tan t  r o l e .  

Between 1978-1980, a  group o f  s c i e n t i s t s  was brought  t oge the r  a t  t h e  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  Systems Ana lys i s  ( I IASA)  t o  work w i t h i n  
t h e  Resources and Environment Area; t he  purpose was t o  examine t h e  env i ron-  
mental problems i n  a g r i c u l t u r e ,  as w e l l  as t o  c o l l e c t  and assess t h e  e x i s t i n g  
model s  which descr ibed t h e  environmental  impacts o f  a g r i c u l t u r e .  

The research ma in l y  addressed t h e  problems o f  s o i l  e ros ion,  n i t r o g e n  
leach ing,  and phosphorus and p e s t i c i d e  losses.  A complex f i e l d - l e v e l  model 
(CREAMS--the acronym f o r  Chemicals, Runoff ,  and E ros ion  f rom A g r i c u l t u r a l  
Management Systems), developed by t h e  U.S. Department o f  A g r i c u l t u r e ,  A g r i -  
c u l t u r a l  Research Serv ice,  was chosen as a  mathematical  t o o l  f o r  t h e  
i n v e s t i g a t i o n  o f  these problems. It was made o p e r a t i v e  on t h e  IIASA computer 
i n  1980 and researchers  f rom e i g h t  Nat iona l  Member Organ iza t i on  (NMO) c o u n t r i e s  
used t h i s  t o o l  f o r  concrete  i n v e s t i g a t i o n s  i n  t h e  a n a l y s i s  o f  a g r i c u l t u r a l  
p o l i c y  i n  t h e i r  coun t r i es .  Th is  volume i s  a  c o m p i l a t i o n  o f  papers and 
sumnarizes t h e  r e s u l t s  o f  these a p p l i c a t i o n s .  

Janusz K i n d l e r  
Chairman 
Resources & Environment Area 
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P A R T  I 

INTRODUCTION, 

DESCRIPTION, AND APPL ICABIL ITY  

OF THE CREAMS MODEL 





INTRODUCTION 

W.G. Knisel 
V .  Svetlosanov 

The wor ld food problem i s  now one o f  the more important issues fac ing  
mankind. The global populat ion growth and the  increasing demand f o r  ag r i -  
c u l t u r a l  products on the  one hand w i l l  l ead  t o  the extension o f  ag r i cu l t u ra l  
land, and on t he  other, t o  the i n t e n s i f i c a t i o n  o f  land use. Both s i t ua t i ons  
have detr imenta l  e f f ec t s  on the environment. The st rong i n t e n s i f i c a t i o n  o f  
land use wi thout  understanding i t s  negative consequences i n  many cases w i l l  
lead t o  the degradation o f  s o i l .  The l oss  o f  top  s o i l  through water and 
wind erosion, loss o f  organic mat ter  and the changing o f  the s o i l  s t ruc tu re ,  
sal i n i z a t i o n  and a1 kal i n i za t i on -a l l  o f  these processes need t o  be taken 
i n t o  considerat ion when a g r i c u l t u r a l  ecosystems a re  analyzed. Therefore, the 
problem o f  i n t e rac t i on  between ag r i cu l  t u r a l  management and the envi ronment 
embraces spec ia l i s t s  i n  many f i e l d s  o f  inves t iga t ions ,  t h a t  i s ,  ag r i cu l -  
t u r i s t s ,  economists, s o i l  sc ien t i s ts ,  engineers, systems analysts, and so on. 

The processes i n  ag r i cu l t u ra l  systems being nonl inear  and compl icated, 
mathematical models may be one o f  the important instruments f o r  consequential 
est imat ion o f  a g r i c u l t u r a l  management. There a re  many models which deal w i th  
d i f f e r e n t  environmental consequences o f  a g r i c u l t u r a l  product ion (Haith, 1982). 
O f  course, there a re  no per fec t  and universal  models t o  account f o r  a l l  
environmental consequences o f  management systems. Most o f  the models describe 
on ly  a hydro logic  component (water percolat ion,  runo f f ,  evapotranspi rat ion) .  
Some consider the  erosion/sediment y i e l d  and pes t i c ide  components, wh i le  some 
inc lude the s a l i n i z a t i o n  process, and others inc lude p l an t  n u t r i e n t  components 
from f i e l d s .  

Among a l l  the models which consider the d i f f e r e n t  phenomena o f  a g r i -  
c u l t u r a l  systems, on l y  two inc lude a combination f o r  t h e  considerat ion o f  a l l  
o f  the processes: hydrology, erosion/sediment y i e l d ,  pest ic ides,  and p l an t  
nu t r ien ts  from f i e l d - s i z e  management u n i t s  (Donigian e t  a1 ., 1977; Knisel ,  
1980). Of  these two, the ARM model (Donigian e t  a1 ., 1977) requi res observed 
data to c a l i b r a t e  the model coe f f i c i en t s  before i t  can be used i n  the simu- 
l a t i o n  mode. 



Several  c o u n t r i e s  r e q u i r e  i n v e s t i g a t i o n  o f  t h e  complex env i ronmenta l  
consequences o f  a g r i c u l t u r a l  management; t h e r e f o r e ,  t h e  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl i e d  Systems Ana l ys i s  ' ( I IASA)  Resources and Environment Area 
dec ided t o  t r a n s f e r  one o f  these models t o  t h e  I n s t i t u t e .  The p h y s i c a l l y  
based CREAMS model program developed by t h e  US Department o f  A g r i c u l t u r e  
(Kn i se l  , 1980) was made o p e r a t i o n a l  i n  1980 on t h e  IIASA computer and used by 
many s c i e n t i s t s .  The users  o f  t h i s  model were f rom t h e  f o l l o w i n g  coun t r i es :  
Czechoslovakia,  FRG, F in land,  Poland, Sweden, U n i t e d  Kingdom, U n i t e d  Sta tes ,  
and t h e  USSR. The o r g a n i z a t i o n a l  work was done by fo rmer  IIASA s c i e n t i s t s ,  
Drs. G. Golubev and I. Shvytov. 

As s t a t e d  before ,  t h e  main o b j e c t i v e  o f  t h i s  work was t o  pe r fo rm t h e  
q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  consequences o f  t h e  a g r i c u l t u r a l  management 
i n  d i f f e r e n t  c o u n t r i e s .  The c o l l a t e r a l  o b j e c t i v e  was t o  make v a l i d a t i o n  
s t u d i e s  o f  t h e  CREAMS model where p o s s i b l e .  

The planned case s t u d i e s  a r e  completed now, and some o f  them a r e  i n c l u d e d  
i n  t h i s  p u b l i c a t i o n .  Four papers (Ho l y  e t  a1 ., 1981; Ho l y  e t  a1 ., 1982; 
Morgan, 1980; and Svet losanov, 1982) were pub l i shed  by I IASA e a r l i e r ,  and a r e  
n o t  i n c l u d e d  i n  t h i s  p u b l i c a t i o n  b u t  t hey  a r e  a l l u d e d  t o  i n  t h e  general  d i s -  
cuss ion  on t h e  use o f  t h e  CREAMS model i n  d i f f e r e n t  c o u n t r i e s .  

F i e l d  measurements o f  r u n o f f ,  e ros ion ,  p l a n t  n u t r i e n t s ,  and p e s t i c i d e s  use 
a r e  n o t  a v a i l a b l e  i n  a l l  p o l l u t i o n  problem areas. F i e l d  da ta  c o l l e c t i o n  and 
l a b o r a t o r y  ana lyses a r e  t ime  consuming and expensive.  Sometimes p o l l u t i o n  
problems a r e  perce ived,  b u t  q u a n t i t a t i v e  measurements a r e  n o t  a v a i l a b l e  and 
i t  i s  d e s i r a b l e  t o  use some method (model)  t o  e s t i m a t e  t h e  e f f ec t s  o f  an 
a g r i c u l t u r a l  management system. For  these reasons, t h e  case s t u d i e s  o f  
CREAMS model a p p l i c a t i o n  a r e  v e r y  d i f f e r e n t .  The s t u d i e s  can be grouped i n t o  
t h r e e  ca tego r i es :  

1. Those where some observed da ta  a r e  a v a i l a b l e  f o r  model v a l i d a t i o n  
( F i n 1  and, England); 

2. Those where some observed da ta  a r e  a v a i l a b l e  f o r  model v a l i d a t i o n  
w i t h  model ex tens ion  f o r  s i m u l a t i o n  (CSSR, FRG, USA); 

3. Those w i t h o u t  observed data  and o n l y  model s i m u l a t i o n s  a r e  generated 
t o  examine p o s s i b l e  problems assoc ia ted  w i t h  management (Sweden, 
USSR, Poland).  

The e d i t o r s  g r a t e f u l l y  acknowledge t h e  con t i nued  suppo r t  o f  t h i s  p r o j e c t  
by  IIASA, s p e c i f i c a l l y ,  Drs. G. Golubev and J. K i n d l e r .  The e f f o r t s  o f  t h e  
c o n t r i b u t i n g  au tho rs  a r e  a l s o  g r e a t l y  app rec ia ted .  

REFERENCES 

Donigian, A.S. Jr., D.C. Beye r l e i n ,  M.M. Davis,  J r . ,  and N.H. Crawford.  1977. 
A g r i c u l t u r a l  Runof f  Management (ARM) Model Ve rs ion  I I: Refinement and 
Tes t i ng .  Repor t  No. EPA-600/3/77/098. Athens, Georgia:  Environmental  
P r o t e c t i o n  Agency. 

Ha i  th ,  D.A. 19P.2. Models f o r  Ana l yz ing  A a r i c u l  t u r a l  Nonpo in t  Source 
P o l l u t i o n .  RR-82-17. Laxenburg, A u s t r i a :  I n t e r n a t i o n a l  I n s t i t u t e  
f o r  Appl i e d  Systems Ana l ys i s .  



Hol i ,  M., Z .  Kos, J. Vdska, and K. Vrdna. 1981. Erosion and Water Q u a l i t y  
as modeled by CREAMS: A Case Study o f  the Sedl i c k y  Catchment. 
CP-81-35. Laxenburg, Aust r ia :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl i ed  
Systems Analysis. 

Holg, M . ,  V .  Svetlosanov, Z. Handovd, Z .  Kos, J. Vsska, and K. Vrdna. 1982. 
Procedures, Numerical Parameters and C o e f f i c i e n t s  o f  t h e  CREAMS Model : 
Appl i c a t i o n  and V e r i f i c a t i o n  i n  Czechoslovakia. CP-82-23. Laxenburg, 
Aust r ia :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied Systems Analys is .  

Knise l  , W.G. , ed. 1980. CREAMS: A Fie1 d-scale Model f o r  Chemicals Runoff, and 
Erosion from A g r i c u l t u r a l  Management Systems. Uni ted States ~ 6 ~ a r t m e n t  
o f  Agr i cu l tu re .  Science and Education Admin is t ra t ion.  Conservation 
Research Report No. 26. 

Morgan, R. P.C. 1980. Pre l iminary Test ing o f  the  CREAMS Erosion Sub-model 
w i t h  F i e l d  Data from Si lsoe,  Bedfordshire, England. Co l labora t i ve  
Paper CP-80-21 . Laxenburg, Aust r ia :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  
Appl ied Systems Analys is .  

Svetlosanov, V.A.  1982. C a p a b i l i t i e s  and L i m i t a t i o n s  o f  t h e  CREAMS Model 
(Methodological Aspects). WP-82-60. Laxenburg, Aus t r ia :  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl ied Systems Analysis. 





CREAMS: A SYSTEM FOR EVALUATING MANAGEMENT 
PRACTICES ON F IELD-SIZE AREAS* 

W.G. Knisel 
Pro jec t  Coordinator, Hydraul i c  Engineer 
Southeast Watershed Research Laboratory 
T i f ton ,  Georgia 

G.R. Foster 
Hydraul i c  Engineer 
S o i l  Erosion Laboratory 
West Lafayette, Indiana 

M.H. Frere 
So i l  S c i e n t i s t  
Southern Region Adminis t rat ive O f f i c e  
New Orleans, Louisiana 

R.A. Leonard 
So i l  S c i e n t i s t  
Southeast Watershed Research Laboratory 
T i f ton ,  Georgia 

A.D. Nicks 
Ag r i cu l t u ra l  Engineer 
Southern Pla ins Watershed and Water Q u a l i t y  Laboratory 
Durant. Oklahoma 

R.E. Smith 
Hydraul ic  Engineer 
F o r t  Col l ins,  Colorado 

J.R. Wil l iams 
Hydraul i c  Engineer 
Grassland, So i l  and Water Laboratory 
Temple, Texas 

*Contr ibut ion from United States Department of Agr icu l ture,  
Ag r i cu l t u ra l  Research Service 



CREAMS: A SYSTEM FOR EVALUATING MANAGEMENT PRACTICES ON FIELD-SIZE AREAS 

Mathematical  models a r e  r e q u i r e d  t o  assess nonpo in t  source p o l l u t i o n  and 

t o  e v a l u a t e  t h e  e f fec ts  o f  management p r a c t i c e s  i n  t h e  U n i t e d  S ta tes ,  so as t o  

adequate ly  respond t o  t h e  Water Q u a l i t y  L e g i s l a t i o n  o f  t h e  p a s t  10 years .  

A c t i o n  agencies must assess nonpo in t  source p o l l u t i o n  f r om a g r i c u l t u r a l  areas, 

i d e n t i f y  problem areas, and deve lop c o n s e r v a t i o n  p r a c t i c e s  t o  reduce o r  

m in im ize  sediment and chemical  l osses  f rom f i e l d s  where p o t e n t i a l  problems 

e x i s t .  M o n i t o r i n g  every  f i e l d  o r  f a rm  t o  measure p o l l u t a n t  movement i s  

imposs ib le ,  and landowners have t o  know t h e  p o t e n t i a l  b e n e f i t s  before  t hey  

app l y  c o n s e r v a t i o n  p r a c t i c e s .  On ly  th rough t h e  use o f  models can p o l l u t a n t  

movement be assessed and conse rva t i on  p r a c t i c e s  be planned most e f f e c t i v e l y .  

I n  1978, t h e  U.S. Department o f  A g r i c u l t u r e ,  A g r i c u l t u r a l  Research Ser- 

v i c e ,  began a n a t i o n a l  p r o j e c t  t o  develop r e l a t i v e l y  s imple,  c o m p u t e r - e f f i c i e n t  

mathematical  models f o r  e v a l u a t i n g  nonpo in t  source p o l l u t i o n .  A model t h a t  

does n o t  r e q u i r e  c a l i b r a t i o n  was planned s ince  ve ry  l i t t l e  data  s u i t a b l e  f o r  

c a l i b r a t i n g  a model a r e  a v a i l a b l e .  The i n i t i a l  e f f o r t s  were concent ra ted on a 

f i e l d  sca le ,  s i nce  t h a t  i s  where conse rva t i on  mnagement systems a r e  app l i ed .  

A f i e l d  was d e f i n e d  as an area w i t h  a r e l a t i v e l y  homogeneous s o i l  t h a t  was un- 

d e r  a s i n g l e  management p r a c t i c e ,  and was smal l  enough t h a t  r a i n f a l l  v a r i a b i l i -  

t y  bas min imal .  Requirements f o r  t h e  model were t h a t  i t  be s imple  and y e t  re- 

p resen t  a complex system, be phys i ca l  l y  based and n o t  r e q u i r e  c a l i b r a t i o n ,  be a 

con t i nuous  s i m u l a t i o n  model, and have t h e  p o t e n t i a l  t o  es t ima te  r u n o f f ,  ero- 

s ion ,  and t r a n s p o r t  o f  chemical i n  a s o l u t i o n  and a t t ached  t o  t h e  sediment. A 

f i e l d  s c a l e  model, CREAMS, capable o f  assess ing these c o n d i t i o n s  and meet ing 

these requ i rements  has been developed. 

The purpose o f  t h i s  paper i s  t o  present  t h e  concepts,  t o  b r i e f l y  desc r i be  

each component o f  t h e  model , t o  d e s c r i b e  model app l  i c a b i  1 i t y ,  and t o  d e s c r i b e  



an a p p l i c a t i o n  o f  CREAtIS--a f i e l d  sca le  model f o r  Chemicals, Runoff ,  and Ero- 

s i  on f rom A g r i c u l t u r a l  Management Systems. A complete d e s c r i p t i o n  o f  t he  m d e l  

and i n s t r u c t i o n s  f o r  i t s  use have been pub l i shed  by t h e  U.S. Department o f  Ag- 

r i c u l  t u r e .  Science and Educat ion  A d m i n i s t r a t i o n  as Conservat ion  Research Report  

140. 26 (14 ) .  

MODEL DEVELOPMENT 

Simple mathematical  express ions have been used f o r  many years  as s imple  

models i n  hydro logy,  eros ion,  and sed imenta t ion .  The Uni versa1 Soi 1 Loss Equa- 

t i o n  (USLE) (17)  i s  a s imp le  mathematical  model t h a t  r e l a t e s  average annual 

s o i l  l o s s  (A )  t o  an average annual r a i n f a l l  e r o s i v i t y  f a c t o r  (R), a s o i l  e r o d i -  

b i l i t y  f a c t o r  (K ) ,  a s l ope  l e n g t h  and steepness f a c t o r  (LS),  a cover-management 

f a c t o r  (C),  and a suppo r t i ng  p r a c t i c e  f a c t o r  (P) i n  t h e  fo rm A = RKLSCP. 

The USLE i s  a much used and power fu l  model f o r  e s t i m a t i n g  long- term ero- 

s ion .  Values f o r  i t s  f a c t o r s  a r e  r e a d i l y  a v a i l a b l e ,  and c a l c u l a t i o n s  a r e  qu i ck  

and easy. Values f o r  t h e  C and P f a c t o r s  can be changed t o  rep resen t  d i f f e r e n t  

management and cover  c o n d i t i o n s ,  and model c a l c u l a t i o n s  repeated t o  es t ima te  

t h e  i n f l u e n c e  o f  a change i n  management. 

I n  t h e  present-day needs f o r  e v a l u a t i n g  r u n o f f ,  p e r c o l a t i  on, e r o s i o n l s e d i -  

ment t r a n s p o r t ,  and assoc ia ted  d i s s o l v e d  and sediment adsorbed chemical losses 

f rom farms, one s imp le  r e l a t i o n s h i p  i s  i n s u f f i c i e n t .  A lso ,  l o n g - t e n  averages 

may be meaningless,  as i n  t h e  case o f  a t o x i c  p e s t i c i d e  t h a t  may o n l y  be a 

prob lem f o r  a few days a f t e r  a p p l i c a t i o n .  I n t e r a c t i o n s  between t h e  v a r i o u s  

components of t h e  t r a n s p o r t  system p reven t  t h e  use o f  s i n g l e  s t r a i g h t f o r w a r d  

c a l c u l a t i o n s .  However, t he  phys i ca l  processes can be represented by a l o g i c a l  

s e r i e s  o f  mathematical  express ions which can be so lved r e p e t i t i v e l y  and e a s i l y  

w i t h  high-speed computers. F i r s t ,  t h e  modeler i d e n t i f i e s  t h e  impor tan t  phys i -  

c a l  processes t h a t  must be represented t o  p r o v i d e  t h e  accuracy and d e t a i l  o f  

i n f o r m a t i o n  needed from t h e  model. Fo rmu la t i on  of t h e  model expresses t h e  



problem f o r  a  few days a f t e r  a p p l i c a t i o n .  I n t e r a c t i o n s  between t h e  v a r i o u s  

components o f  t h e  t r a n s p o r t  system prevent  t h e  use o f  s i n g l e ,  s t r a i g h t f o r w a r d  

c a l c t i l a t i o n s .  However, t h e  phys i ca l  processes can be represented by a  l o g i c a l  

s e r i e s  o f  mathematical  express ions which can be so lved r e p e t i t i v e l y  and easi  l y  

w i t h  high-speed computers. F i r s t ,  t h e  modeler i d e n t i f i e s  t h e  impor tan t  phys i -  

ca l processes t h a t  must be represented t o  p r o v i d e  t h e  accuracy and d e t a i  1  o f  

i n f o r m a t i o n  needed f rom t h e  model . Formu la t i on  o f  t h e  model expresses t h e  nod- 

e l e r ' s  concepts o f  t h e  phys i ca l  system and h i s  i deas  o f  t h e  order  o f  processes. 

Computer e f f i c i e n c y  i s  a l s o  impor tan t ,  e s p e c i a l l y  when a  model i s  t o  be used 

many t imes to e v a l u a t e  a  system as complex as nonpo in t  source p o l l u t i o n .  

I f  a  model i s  t o  show e f f e c t s  o f  management p r a c t i c e s ,  t h e  necessary 

equat ions  and parameters t h a t  r e f l e c t  t he  p r a c t i c e s  must be i n c o r p o r a t e d  i n  t h e  

model. 

Model s  a r e  developed f o r  a  speci f i c  purpose t o  accompl ish a  speci f i c  job ,  

and t h e r e f o r e ,  a p p l i c a t i o n  o f  t h e  model o u t s i d e  s p e c i f i c  c o n d i t i o n s  can r e s u l t  

i n  erroneous answers. Use o f  a  model f o r  e s t i m a t i n g  s t reamf low from l a r g e  ba- 

s i n s  would l i k e l y  g i v e  m is lead ing  es t ima tes  o f  r u n o f f  f rom a 5 -ac re  area. For 

example, average i n f i l t r a t i o n  cou ld  be s a t i s f a c t o r y  f o r  t h e  b a s i n  sca le ,  b u t  

f o r  t h e  f i e l d  sca le ,  temporal  and s p a t i a l  v a r i a t i o n s  i n  i n f i l t r a t i o n  may be im- 

p o r t a n t .  Sediment y i e l d  es t ima tes  f o r  l a r g e  bas ins  o f t e n  r e q u i r e  c a r e f u l  de- 

s c r i  p t i  on o f  channel processes, whereas an accu ra te  d e s c r i p t i o n  o f  e ros ion  by 

r a i n d r o p  impact  on ove r l and  f l o w  areas may be most impor tan t  f o r  e s t i m a t i n g  

sediment y i e l d  f rom f i e l d s .  

R E V I E N  OF MODELS 

Passage o f  t h e  Clean Waters Act, PL 92-500, i n  1972 r e s u l t e d  i n  t h e  need 

f o r  mathemat ica l  models t o  eva lua te  nonpo in t  source p o l l u t i o n  f rom d i f f u s e  ag- 

r i c u l t u r a l  areas. These needs r e s u l t e d  i n  a  p r o l i f e r a t i o n  o f  model develop- 

ment. A l though hydro logy and e r o s i o n  models were a v a i l a b l e ,  few models f o r  



chemi ca 1 t ranspor t  were avai lab1 e. Models f o r  eval ua t ing  nonpoint source pol - 
1 u t i o n  have been assembled, oftent imes by "piggy-backing" o f  erosion and chemi- 

c a l  components onto hydrology models f o r  both f i e l d -  and basin-sized areas. 

Crawford and Donigian (3 )  developed the p e s t i c i d e  r u n o f f  t ranspor t  (PRT) 

model t o  est imate runo f f ,  erosion, and pes t i c ide  losses from f i e l d - s i  ze areas. 

The hydro log ic  component o f  the PRT model i s  the Stanford watershed d e l  (4 ) ,  

and the  eros ion component was developed by Hegev (11). The Stanford watershed 

model was one o f  t h e  f i r s t  computer s imulat ion hydro log ic  models and was devel- 

oped f o r  basin-sized areas. 

Donigian and Crawford ( 5 )  incorporated a p lan t  n u t r i e n t  component w i th  the 

bas ic  PHT model t o  develop the a g r i c u l t u r a l  r u n o f f  model (ARM). The hydrology, 

erosion, and pes t i c ides  components are the same as the PRT model. The ARM i s  

a l s o  f o r  f i e l d - s i z e d  areas. Both the PUT and ARFl models requ i re  data f o r  c a l i -  

b ra t ion .  

F re re  e t  a l .  ( 7 )  developed an a g r i c u l t u r a l  chemical t ranspor t  model 

(ACTEIO) t o  est imate runo f f ,  sediment y i e l d ,  and p l a n t  n u t r i e n t s  from f i e l d -  and 

basin-s i  zed areas. The hydrology component i s  the USDA Hydrograph Lab model 

( 9 ) ,  which i s  based on an i n f i l t r a t i o n  concept. The eros ion component i s  based 

on the ri 11 and i n t e r r i  11 eros ion concepts and USLE mod i f i ca t ions  developed by 

Foster  e t  a1 . (6 ) .  The ACTFlO model does not  requ i re  c a l i b r a t i o n .  

Bruce e t  a l .  ( 2 )  developed an event model (WASCH) t o  est imate runo f f ,  ero- 

s i  on, and p e s t i c i d e  losses from f i e l d - s i  zed areas f o r  s ing le  runoff-producing 

storms. The model requi res c a l i b r a t i o n  t o  the s p e c i f i c  s i t e  o f  considerat ion.  

Beasley e t  a l .  (1)  developed the ANSWERS model t o  est imate runo f f ,  ero- 

sion, and sediment t ranspor t  from basin-sized areas. The model does not  have a 

chemical component. It has been used t o  i d e n t i f y  sources o f  eros ion and areas 

o f  deposi t ion w i t h i n  the basin. 



The ARM, UASCH, and ANSWERS models a r e  expensive t o  opera te  and cannot be 

used economica l l y  f o r  long- term s imu la t i on .  Long-term s i m u l a t i o n  and r i s k  

a n a l y s i s  a r e  d e s i r a b l e  f o r  examining p robab le  1  eve l s  exceeded f o r  t o x i c  p e s t i c i d e  

concen t ra t i ons .  

Models t h a t  r e q u i r e  c a l i b r a t i o n  t o  e v a l u a t e  parameter va lues  a r e  genera l  1  y  

c a l i b r a t e d  f o r  a  s p e c i f i c  s i t e  and p r a c t i c e .  I f  r e l a t i o n s h i p s  f o r  t h e  phys i ca l  

processes a r e  n o t  c a r e f u l l y  fo rmula ted,  parameter va lues can be s e r i o u s l y  d i  s- 

t o r t e d .  C a l i b r a t i o n  o f  a  model w i t h  data  f o r  a  s p e c i f i c  s i t e  and mnagement 

p r a c t i c e  may g i v e  erroneous r e s u l t s  when t h e  model i s  a p p l i e d  t o  a  d i f f e r e n t  

s i t e  o r  management p r a c t i c e  w i t h o u t  r e c a l i  b r a t i o n .  There fore ,  m i n i m i z a t i o n  o f  

t h e  need f o r  c a l i b r a t i o n  i s  des i rab le .  A  model i s  most u s e f u l  when va lues f o r  

i t s  parameters a r e  r e a d i l y  a v a i l a b l e  as f u n c t i o n s  o f  e a s i l y  measured f e a t u r e s  

o f  t h e  s i t e  and p r a c t i c e  be ing evaluated. Bo th  modelers and model users  shou ld  

be aware o f  problems assoc ia ted  w i t h  c a l i b r a t i o n .  a v a i l a b i l i t y  o f  parameter 

va lues ,  parameter d i s t o r t i o n  by inadequate  watershed rep resen ta t i on ,  i n a c c u r a t e  

r e s u l t s  f r om p o o r l y  f o rmu la ted  equat ions ,  and excess ive  use o f  computer t ime.  

Ue sought t o  m in im ize  these problems w i t h  CREAMS. 

CREAMS MODEL STRUCTURE 

CKEAElS c o n s i s t s  o f  t h r e e  major  components: hydro logy,  eros ion/sed imenta-  

t i o n ,  and chemis t ry .  The hydro logy component es t ima tes  r u n o f f  volume and peak 

r a t e ,  i n f i l t r a t i o n ,  evapo t ransp i ra t i on ,  s o i l  water  con ten t ,  and p e r c o l a t i o n  on 

a  d a i l y  bas i s ,  o r  i f  d e t a i l e d  p r e c i p i t a t i o n  data  a re  a v a i l a b l e ,  c a l c u l a t e s  i n -  

f i l t r a t i o n  a t  h i s tog ram breakpo in ts .  The e ros ion  component es t ima tes  e ros ion  

and sediment y i e l d  i n c l u d i n g  p a r t i c l e  d i s t r i b u t i o n  a t  t h e  edge o f  t h e  f i e l d  on 

a  d a i l y  bas i s .  The chemis t r y  component i n c l u d e s  elements f o r  p l a n t  n u t r i e n t s  

and p e s t i c i d e s .  Stormloads and average concen t ra t i ons  o f  sediment assoc ia ted  

and d i s s o l v e d  chemica ls  i n  t h e  r u n o f f ,  sediment, and p e r c o l a t e  f r a c t i o n s  a r e  

es t imated.  



The Hydrology Component 

This component consis ts  o f  two opt ions, depending upon avai l a b i  1  i t y  o f  

r a i n f a l l  data. Option 1 estimates storm r u n o f f  when only  d a i l y  r a i n f a l l  data 

a r e  ava i lab le .  I f hour ly  o r  breakpoint ( t i m e - i n t e n s i t y )  r a i n f a l l  data a re  

ava i lab le ,  Option 2 est imates storm r u n o f f  by an i n f i l t r a t i o n - b a s e d  method. 

Option 1: Wil l iams and LaSeur (16) adapted the So i l  Conservation Service (15) 

curve number method f o r  s imulat ion o f  d a i l y  m n o f f .  The method r e l a t e s  d i r e c t  

r u n o f f  t o  d a i l y  r a i n f a l l  as a func t ion  o f  curve number (F igure 1 ) .  Curve num- 

ber  i s  a  func t ion  o f  s o i l  type, cover, management p rac t i ce ,  and antecedent 

r a i n f a l l .  The r e l a t i o n s h i p  o f  m n o f f ,  Q, t o  r a i n f a l l ,  P, i s  

where S i s  a  r e t e n t i o n  parameter r e l a t e d  t o  soi 1 moisture and curve number. An 

equation f o r  water balance i s  used t o  est imate s o i l  moisture from: 

S M t S S M +  P - Q - E T  - 0  (2 

where Sl1 i s  i n i t i a l  s o i l  moisture, SFlt i s  s o i l  moisture a t  day t, P i s  p rec i -  

p i t a t i o n ,  Q i s  runo f f ,  ET i s  evapotranspi rat ion,  and 0 i s  perco la t ion  below the 

r o o t  zone. 

The perco la te  component uses a storage r o u t i n g  technique t o  est imate f low 

through the r o o t  zone. The r o o t  zone i s  d iv ided  i n t o  7 layers-- the f i r s t  l ayer  

i s  1/36 o f  the  t o t a l  r o o t  zone depth, the second l a y e r  5/36 o f  the t o t a l ,  and 

the  remaining layers,  a l l  equal i n  thickness, are 1 /6  o f  the  r o o t  zone depth. 

The top  l a y e r  i s  approximately equiva lent  t o  the chemical ly  a c t i v e  surface lay-  

e r  and the  layer  where i n t e r r i l l  erosion occurs. Percolat ion from a layer  oc- 

curs when soi 1  moi s tu re  exceeds f i e l d  capacity.  Amount o f  pe rco la t ion  depends 

on saturated hydrau l i c  conduct iv i ty .  



Figure 1 .  S o i l  Conservation Serv ice curve number method of storm 
runoff est imat ion ( 1 5 ) .  



The peak r a t e  of runof f ,  qp, ( requ i red  i n  the  eros ion model) i s  est imat- 

ed by the empir ica l  r e l a t i o n s h i p  (14)  

where D i s  drainage area, C i s  mainstem channel slope, Q i s  d a i l y  r u n o f f  vo l -  

ume, and L i s  the watershed length-width r a t i o .  Although Eq. (3 )  was developed 

and tes ted  f o r  basin-sized areas, t e s t i n g  o f  CREAMS has shown i t  t o  be a p p l i -  

cab le  f o r  f i e l d - s i z e d  areas as wel l .  

Option 2: The i n f i l t r a t i o n  model i s  based on the Green and Ampt equation (8, 

13) .  The concept def ined i n  F igure  2 assumes some s o i l  water i n i t i a l l y  i n  a 

surface i n f i  1 t r a t i o n - c o n t r o l  layer .  Yhen r a i n f a l l  begins, the soi 1 water con- 

t e n t  i n  the  con t ro l  l a y e r  approaches sa tu ra t ion  and surface ponding occurs a t  a 

time, tp (Figure 2 ) .  The amount o f  r a i n  t h a t  has i n f i l t r a t e d  by the t ime o f  

ponding, designated Fp i n  F i g u r e  2, i s  analogous t o  i n i t i a l  abs t rac t ion  i n  

t h e  SCS curve number model (Option 1 )  but  i s  a1 so a func t ion  o f  r a i n f a l l  i n ten-  

s i t y .  A f t e r  the t ime o f  ponding, rsater i s  assumed t o  move downward as a sharp- 

l y  def ined wet t ing  f r o n t  w i t h  a c h a r a c t e r i s t i c  c a p i l l a r y  tension as the p r i n c i -  

p l e  d r i v i n g  force. The i n f i l t r a t i o n  curve o f  F i g u r e  2 i s  approximated t o  g i v e  

t h e  i n f i l t r a t e d  depth AF i n  a t ime i n t e r v a l ,  ~ t ,  as 

where A = K Siti 12, D = eS - ei, eS i s  water content  a t  saturat ion,  ei i s  

i n i t i a l  water content, G i s  the e f f e c t i v e  c a p i l l a r y  tens ion o f  the s o i l ,  and 

Ks i s  the  e f f e c t i v e  saturated conduc t i v i t y .  The average l n f i  l t r a t i o n  r a t e  
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- 
f i  f o r  the i t h  i n t e r v a l  i s  

and r u n o f f / r a i n f a l l  excess q i  dur ing the i n t e r v a l  i s  r a i n f a l l  r a t e  for the 
- 

i n t e r v a l  minus the i n f i l t r a t i o n  rate,  ri - f i  . Tota l  runoff  i s  the  sum of 

a l l  q i  f o r  the storm. The i n f i l t r a t i o n - b a s e d  model has three parameters: G, 

0, and KS. 

Perco la t ion  i s  estimated as i n  Option 1, except t h a t  a s i n g l e  layer  below 

the  i n f i  1 t r a t i o n  con t ro l  l a y e r  represents the r o o t  zone. Perco la t ion  i s  calcu- 

l a t e d  us ing average p r o f i l e  soi 1 water content above f i e l d  capaci ty  and the 

saturated hydrau l i c  conduc t i v i t y ,  K,. Peak r a t e  of runoff  i s  estimated by 

a t tenua t ing  the r a i n f a l l  excess using the kinernati c wave model w i t h  parameter 

values t o  account f o r  nonuniform steepness and roughness along the  slope (18). 

Evapotranspi rat ion 

The evapotranspi rat ion (ET) element o f  the hydrology component i s  the same 

f o r  both opt ions. The ET model, developed by R i t c h i e  (12), ca lcu la tes  s o i l  

and p l a n t  evaporat ion separate ly .  Evaporation, based on heat  f l u x ,  i s  a 

f u n c t i o n  o f  d a i l y  n e t  s o l a r  r a d i a t i o n  and mean d a i l y  temperature, which are 

i n t e r p o l a t e d  from a Four ie r  se r ies  f i t t e d  t o  mean monthly r a d i a t i o n  and 

temperature (10). So i l  evaporat ion i s  ca lcu la ted  i n  two stages. I n  the 

f i r s t ,  s o i l  evaporat ion i s  1 i m i t e d  o n l y  by a v a i l a b l e  energy and i s  equal t o  

p o t e n t i a l  so i  1 evaporation. I n  the second, evaporat ion depends on transmission 

of water through the s o i l  p r o f i l e  t o  the  sur face and t ime s ince stage two 

began. P l a n t  evaporat ion i s  computed as a f u n c t i o n  o f  s o i l  evaporat ion and 

l e a f  area index. I f  s o i l  water i s  l i m i t i n g ,  p l a n t  evaporat ion i s  reduced 

by a f r a c t i o n  o f  the a v a i l a b l e  s o i l  water. Evapotranspi rat ion i s  the sum 

of p l a n t  and s o i l  evaporat ion b u t  cannot exceed p o t e n t i a l  s o i l  evaporat ion. 



The Eros ion  Component 

The e ros ion  component cons iders  t h e  bas i c  processes o f  so i  1  detachment, 

t r a n s p o r t .  and depos i t i on .  The concepts o f  t h e  model a r e  t h a t  sediment l oad  i s  

c o n t r o l l e d  by t h e  l e s s e r  o f  t r a n s p o r t  capac i t y  o r  t h e  amount o f  sediment a v a i l -  

a b l e  f o r  t r a n s p o r t .  I f  sediment l oad  i s  l ess  than t r a n s p o r t  capac i ty ,  detach- 

ment by f l o w  may occur,  whereas d e p o s i t i o n  occurs i f  sediment l oad  exceeds 

t r a n s p o r t  capac i ty .  Raindrop impact i s  assumed t o  detach p a r t i c l e s  rega rd less  

o f  whether o r  n o t  sediment i s  be ing detached o r  depos i ted by f low. The model 

rep resen ts  a  f i e l d  comprehensively by cons ide r ing  over land f l o w  over complex 

s lope shapes, concent ra ted channel f low, and small impoundments o r  ponds (F ig -  

u r e  3).  The model es t imates the d i s t r i b u t i o n  o f  sediment p a r t i c l e s  t ranspor ted  

as  pr imary  par t ic les- -sand,  s i l t ,  and clay--and l a r g e  and smal l  aggregates 

which a r e  conglomerates o f  pr imary p a r t i c l e s .  Sediment s o r t i n g  du r ing  deposi - 
t i o n  and t h e  consequent enr ichment o f  t he  sediment i n  f i n e  p a r t i c l e s  i s  ca lcu-  

l a ted .  

Detachment i s  descr ibed by a  m o d i f i c a t i o n  o f  t h e  USLE f o r  a  s i n g l e  storm 

event  ( 6 ) .  Rate o f  i n t e r r i l l  detachment, DIH, i n  t h e  over land f l o w  element 

i s  expressed as 

where E I  i s  t h e  product  o f  a  s torm's  energy and maximum 30-minute i n t e n s i t y ,  

Sof i s  t h e  s lope o f  t h e  l and  surface, qp i s  peak r u n o f f  r a t e ,  Q i s  r u n o f f  

volume, K i s  a  s o i l  e r o d i b i l i t y  f a c t o r ,  C i s  a  cover-management f a c t o r ,  and P 

i s  a  con tou r ing  f a c t o r .  Rate o f  detachment, DR, by ri l l eros ion i s  expressed 

L 
DR = 37983 nq  413(x/7~.6)n-1 So f  KCP 

P 
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where x  i s  t h e  d i s t a n c e  d o m  s lope and n  i s  a  s l ope - l eng th  exponent. The fac-  

t o r s  K, C, and P a r e  f rom t h e  USLE. I n t e r r i l l  e ros ion  i s  p r i m a r i l y  a  f u n c t i o n  

o f  r a i n d r o p  impact on areas i n  between t h e  r i l l s  and i s  no t  a  f u n c t i o n  o f  run-  

o f f  as t h e  te rm qp/Q suggests i n  Eq. 6. Th is  t e n  conve r t s  a  t o t a l  e ros ion  

amount f o r  t h e  s torm t o  an average r a t e .  R i  11 e ros ion  i s  a  f u n c t i o n  o f  r u n o f f  

r a t e .  Sediment t r a n s p o r t  c a p a c i t y  f o r  over land f l o w  i s  es t ima ted  by t h e  Y a l i n  

t r a n s p o r t  equa t i on  (19) m o d i f i e d  f o r  nonun i fo rm sediment hav ing a  m i x t u r e  o f  

s i z e s  and d e n s i t i e s .  

The concent ra ted f l o w  o r  channel element o f  t he  e r o s i o n  model assumes t h a t  

t h e  peak r u n o f f  r a t e  i s  t h e  c h a r a c t e r i s t i c  d ischarge for  t h e  channel. Ca lcu la-  

t i o n  o f  de tachnent  o r  d e p o s i t i o n  and t r a n s p o r t  o f  sediment a r e  based on t h i s  

d ischarge.  D ischarge i s  assumed t o  be steady, b u t  s p a t i a l l y  v a r i e d ,  i n c r e a s i n g  

downstream f rom l a t e r a l  i n f l o w .  F r i c t i o n  s l ope  o f  t h e  f l o w  i s  es t imated from 

reg ress ion  equat ions  f i t t e d  t o  sol  u t i  ons o f  t h e  s p a t i a l l y  v a r i e d  f l o w  equat ions  

so t h a t  d rado r rn  o r  backwater f rom a c o n t r o l  a t  t h e  channel o u t l e t  can be con- 

s i de red .  

Detachment can occu r  when sediment l oad  i s  l e s s  than t r a n s p o r t  c a p a c i t y  o f  

t h e  f l o w  and shear s t r e s s  o f  t h e  f l o w  i s  g r e a t e r  than t h e  c r i t i c a l  shear s t r e s s  

f o r  t h e  s o i l  i n  t h e  channel. Both bare  and grassed waterways, combinat ions o f  

ba re  and grass  channels,  and v a r i a b l e  s lope a long t h e  channel can be cons ider -  

ed. 

Uater  i s  o f t e n  impounded i n  f i e l d s ,  e i t h e r  as normal ponding from a re-  

s t r i c t i o n  a t  a  fence l i n e ,  a  road c u l v e r t ,  a  n a t u r a l  po tho le ,  o r  i n  an irnpound- 

ment- type te r race .  These r e s t r i c t i o n s  reduce f l o w  v e l o c i t y ,  causing coarse- 

g ra ined  p r imary  p a r t i c l e s  and aggregates t o  be depos i ted .  Depos i t i on  depends 



on whether f a l l  v e l o c i t y  o f  t h e  p a r t i c l e s  causes the  sediment t o  reach the  im- 

poundment bottom be fo re  f l o w  c a r r i e s  them from the impoundment. The f r a c t i o n  

o f  p a r t i c l e s  passing through the impoundment, FP, o f  a  g iven p a r t i c l e  c lass ,  i, 

i s  g i ven  by t h e  exponent ia l  r e l a t i o n  

Bi di 
FPi = Aie (8)  

where d i  i s  t h e  equ iva len t  sand-grain diameter and A, and B j  a r e  c o e f f i c i e n t s  

t h a t  depend on impoundment geometry, i n f l o w  volume, i n f i  1  t r a t i o n  through the  

impoundment boundary, and d ischarge r a t e  from the  impoundment. 

I n  a d d i t i o n  t o  c a l c u l a t i n g  the  sediment t r a n s p o r t  f r a c t i o n  f o r  each o f  

f i v e  p a r t i c l e  c lasses,  the model computes a  sediment enr ichment r a t i o ,  based on 

s p e c i f i c  su r face  area o f  t he  sediment and Organic ma t te r  and the s p e c i f i c  sur -  

face area f o r  t h e  r e s i d u a l  soi  1. As sediment i s  deposi ted, organ ic  mat ter ,  

c l ay ,  and s i l t  a r e  t h e  p r i n c i p l e  p a r t i c l e s  t ranspor ted,  which r e s u l t s  i n  h igh  

enr ichment r a t i o s .  Enrichment r a t i o s  a re  impor tan t  i n  t r a n s p o r t  o f  chemicals 

assoc ia ted  w i t h  sediment. 

The Chemistry Component 

P l a n t  N u t r i e n t s  

The b a s i c  concepts o f  t he  n u t r i e n t  component a r e  t h a t  n i t r o g e n  and phosphorus 

a t tached t o  s o i l  p a r t i c l e s  a r e  l o s t  w i t h  sediment y i e l d ,  s o l u b l e  n i t r o g e n  

and phosphorus a r e  l o s t  w i t h  su r face  r u n o f f ,  and s o i l  n i t r a t e  i s  l o s t  by 

l e a c h i n g  f rom p e r c o l a t i o n ,  by  d e n i t r i f i c a t i o n ,  o r  by e x t r a c t i o n  b y  p lan ts .  

The n u t r i e n t  component assumes t h a t  an a r b i t r a r y  su r face  l a y e r  10 mm deep 

i s  e f f e c t i v e  i n  chemical t r a n s f e r  t o  sediment and r u n o f f .  A l l  b roadcast  f e r -  

t i l i z e r  i s  added t o  the a c t i v e  su r face  l a y e r ,  whereas o n l y  a  f r a c t i o n  i s  added by 



f e r t i l i z e r  incorporated i n  the s o i l ;  the  r e s t  i s  added t o  the r o o t  zone. N i -  

t r a t e  i n  the r a i n f a l l  con t r ibu tes  t o  the so lub le n i t rogen  i n  the  surface 

layer .  

Soluble n i t rogen  and phosphorus are assumed t o  be thorough1 y mi xed w i t h  

the  s o i l  water i n  the  a c t i v e  surface layer .  This includes so luble forms from 

the  so i  1, surface-appl ied f e r t i l i z e r s ,  and p l a n t  residues. The imper fect  ex- 

t r a c t i o n  o f  these so luble n u t r i e n t s  by overland f low and i n f i l t r a t i o n  i s  ex- 

pressed by an empir ica l  e x t r a c t i o n  c o e f f i c i e n t .  The amounts o f  n i t rogen  and 

phosphorus l o s t  w i t h  sediment are funct ions o f  sediment y i e l d ,  enrichment ra -  

t i o ,  and the  chemical concentrat ion o f  the sediment phase. 

When i n f i l t r a t e d  r a i n f a l l  saturates the  a c t i v e  surface layer ,  so lub le n i -  

trogen moves i n t o  the  r o o t  zone. Incorporated f e r t i  l i zer, mineral i z a t i  on o f  

organic matter,  and so luble n i t rogen  i n  r a i n f a l l  perco lated through the a c t i v e  

sur face layer  increase the n i t r a t e  content i n  the  r o o t  zone. Uniform mixing o f  

n i t r a t e  i n  s o i l  water i n  the r o o t  zone i s  assumed. M i n e r a l i z a t i o n  i s  c a l c u l a t -  

ed by a f i r s t - o r d e r  r a t e  equation from the amount o f  p o t e n t i a l  m inera l i zab le  

n i t rogen,  s o i l  water content, and temperature. Optimum ra tes  o f  m inera l i za t ion  

occur a t  a s o i l  temperature o f  35°C. S o i l  temperature i s  approximated from a i r  

temperature i n  the hydro1 ogy component. 

N i t r a t e  i s  l o s t  from the roo t  zone by p lan t  uptake, leaching, and d e n i t r i -  

f i c a t i o n .  P lan t  uptake o f  n i t rogen  under idea l  condi t ions i s  described by a 

normal probabi 1 i t y  curve. The p o t e n t i a l  uptake i s  reduced t o  an actual  value 

by a r a t i o  o f  actual  p l a n t  evaporation t o  p o t e n t i a l  p l a n t  evaporation. A sec- 

ond op t ion  f o r  es t imat ing  n i t rogen  uptake i s  based on p lan t  growth and the 

p l a n t ' s  n i t rogen  content. 

The amount o f  n i t r a t e  leached i s  a funct ion o f  the amount o f  water perco- 

l a t e d  out  o f  the r o o t  zone est imated by the hydrology component and the concen- 

t r a t i o n  o f  n i t r a t e  i n  the  s o i l  hater.  D e n i t r i f i c a t i o n  occurs when the s o i l  wa- 



t e r  con ten t  exceeds f i e l d  capac i t y .  The r a t e  cons tan t  f o r  d e n i t r i f i c a t i o n  i s  

c a l c u l a t e d  from t h e  so i  1 ' s  organ ic  carbon con ten t  and i s  reduced by a  t w o f o l d  

r e d u c t i o n  f o r  each 10-degree i nc rease  i n  temperature  f rom 35'C. 

Thus, t h e  p l a n t  n u t r i e n t  component es t imates  n i t r o g e n  and phosphorus losses 

i n  sediment, s o l u b l e  n i t r o g e n  and phosphorus i n  t h e  r u n o f f ,  and changes i n  t he  

s o i  1 ' s  n i t r a t e  con ten t  due t o  m i n e r a l i z a t i o n ,  up take by t he  c r q ,  l each ing  by 

p e r c o l a t i o n  t h rough  t h e  r o o t  zone, and by d e n i t r i f i c a t i o n  i n  t h e  r o o t  zone f o r  

each storm. Concent ra t ions  o f  n i t r o g e n  and phosphorus i n  t h e  r u n o f f  and sed i -  

ment a r e  computed. I n d i v i d u a l  storm losses a r e  accumulated f o r  annual sumna- 

r i  es whi ch a r e  a1 so  used t o  compute average concen t ra t i ons  . 
P e s t i c i d e s  

The p e s t i c i d e  component es t ima tes  c o n c e n t r a t i o n  of p e s t i c i d e s  i n  

r u n o f f  (wa te r  and sediment)  and t o t a l  m s s  c a r r i e d  f rom t h e  f i e l d  f o r  each 

s to rm d u r i n g  t h e  p e r i o d  o f  i n t e r e s t .  The model accomodates up t o  t e n  p e s t i -  

c i d e s  s imu l taneous l y  i n  a  s i m u l a t i o n  per iod .  F o l i a r - a p p l i e d  p e s t i c i d e s  a r e  

cons idered sepa ra te l y  f rom so i  1  - a p p l i e d  p e s t i c i d e s ,  because degradat ion  o f  

p e s t i c i d e s  i s  more r a p i d  on f o l i a g e  than i n  s o i  1. The model cons iders  m u l t i p l e  

a p p l i c a t i o n s  o f  t h e  same chemical ,  l i k e  i n s e c t i c i d e s .  A  f l o w  c h a r t  o f  t he  pes- 

t i c i d e  component i s  shown i n  F i g u r e  4. 

As i n  t h e  p l a n t  n u t r i e n t  component, an a c t i v e  su r face  l a y e r  i s  assumed 

t h a t  i s  about  1 / 2  i n c h  deep. Movement o f  p e s t i c i d e s  f rom t h e  su r face  i s  a  

f u n c t i o n  o f  r u n o f f ,  i n f i l t r a t i o n ,  and p e s t i c i d e  m o b i l i t y  parameters. P e s t i c i d e  

i n  r u n o f f  i s  p a r t i t i o n e d  between the s o l u t i o n  phase and t h e  sediment phase by 

t h e  f o l l o w i n g  r e l a t i o n s h i p s :  

(Cw Q) + (Cs M )  = a  C  
P  (9 

and 
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where Cw i s  p e s t i c i d e  concen t ra t i on  i n  r u n o f f  water,  Q i s  volume o f  water per 

u n i t  volume o f  su r face  a c t i v e  l a y e r ,  CS i s  p e s t i c i d e  concen t ra t i on  i n  sed i -  

ment, H i s  mass o f  s o i l  per u n i t  volume o f  a c t i v e  su r face  l a y e r ,  a  i s  t he  ex- 

t r a c t i o n  r a t i o  o f  t h e  concen t ra t i on  o f  p e s t i c i d e  e x t r a c t e d  by r u n o f f  t o  t h e  

concen t ra t i on  o f  p e s t i c i d e  res idue  i n  t he  s o i l ,  Cp i s  t h e  concen t ra t i on  o f  

p e s t i c i d e  res idue  i n  t he  s o i l ,  and Kd i s  t he  c o e f f i c i e n t  f o r  p a r t i t i o n i n g  the  

p e s t i c i d e  between sediment and water phases. The concen t ra t i on  Cw o f  t h e  

p e s t i c i d e  i n  s o l u t i o n  i n  r u n o f f  from t h e  f i e l d  i s  l e s s  than t h e  so lub le  concen- 

t r a t i o n  i n  t h e  sur face l a y e r  because o f  i n e f f i c i e n t  e x t r a c t i o n  by r u n o f f .  The 

p e s t i c i d e  concen t ra t i on  CS i s  t h a t  i n  t h e  s o i l  m t e r i a l  o f  t he  sur face layer .  

S e l e c t i v e  d e p o s i t i o n  as expressed by enr ichment r a t i o  en r i ches  t h i s  concentra- 

t i o n  i n  t h e  sediment l e a v i n g  the  f i e l d s .  'The amount o f  p e s t i c i d e  a t tached t o  

t h e  sediment l e a v i n g  t h e  f i e l d  i s  t he  product  o f  t he  concen t ra t i on  CS, sed i -  

ment y i e l d ,  and enr ichment r a t i o .  

P e s t i c i d e  washed o f f  f o l i a g e  by r a i n  increases t h e  r e s i d u a l  p e s t i c i d e  con- 

c e n t r a t i o n  i n  t h e  s o i l .  The amount c a l c u l a t e d  as a v a i l a b l e  f o r  washoff i s  up- 

dated between storms by a  f o l i a r  degradat ion process. P e s t i c i d e  res idue  i n  t he  

su r face  l a y e r  i s  reduced by imper fec t  e x t r a c t i o n s  by over land f l o w  and i n f i l -  

t r a t e d  r a i n w a t e r  and by degradat ion descr ibed by an exponent ia l  f u n c t i o n  w i t h  a  

ha I f  l i f e  parameter. 

MODEL APPLICABIL ITY  

CREAMS was developed as a  s t a t e - o f - t h e  a r t  model t o  cons ide r  a l t e r n a t e  

p r a c t i c e s ,  acceptab le  by f a m r s ,  t o  reduce nonpoin t  source pol  1  u t i  on. The 

complex i n t e r a c t i o n  o f  soi  1  s, topography, crops, t i 1  lage, chemical app l i ca -  

t i o n s ,  and conse rva t i on  p rac t i ces ,  among others ,  a r e  such t h a t  response from 

r a i n f a l l  events  i s  s i t e  s p e c i f i c .  That i s ,  p o l l u t i o n  p o t e n t i a l  v a r i e s  consid- 

e r a b l y  f rom f i e l d  t o  f i e l d  w i t h i n  l and  resource areas and between land resource 

areas. However, CREAMS can be a p p l i e d  for general  i zed soi  1  s, topography, and 



cropping s i t ua t i ons  t o  est imate r e l a t i v e  e f f ec t s  among management systems f o r  

farm planning purposes. 

CREAtlS i s  not a ,cater qua l i t y  model i n  t ha t  i t  does not est imate eutrophi- 

ca t i on  o r  t o x i c i t y  f o r  water bodies. The output from the model r e  represents 

est imates o f  sediment and chemical loads a t  the  edge o r  o u t l e t  o f  a  f i e l d .  

Routing o f  po l l u t an t  loads through channel systems i s  not included i n  the mo- 

del.  Therefore, the model cannot be appl ied t o  a s i t ua t i on  o f  combined f i e l d s  

w i t h  an in terconnect ing channel system. Channel systems i n  small watersheds or  

basins may be dominating fac to rs  i n  the de l i ve ry  o f  sediment and chemicals t o  

rece iv ing  waters. Appropriate rou t ing  techniques would be needed t o  move the 

po l l u t an t  loads generated by CREAIIS. 

I n  add i t i on  t o  farm f i e l d  app l i ca t ions  o f  CREAMS, the model i s  cu r ren t l y  

being appl ied on s t r i p  mine areas and sani tary l a n d f i l l  s i tes.  App l i ca t ion  on 

s t r i p  mine s i t e s  i s  made t o  plan conservation pract ices f o r  contro l  o f  erosion 

and chemical losses. Appl icat ion on sani tary l and f i  11s i s  concerned w i th  per- 

colate-water leaching o f  chemicals. Combinations o f  agronomic and compaction 

pract ices t ha t  a f f e c t  the water balance components, inc lud ing  percolat ion, are 

s i g n i f i c a n t  i n  chemical leaching. Although data are no t  ava i lab le  f o r  t es t i ng  

CREAMS on l a n d f i l l  s i tes,  i f  s o i l  parameter values can be estimated r e a l i s t i -  

ca l l y ,  the model should provide r e a l i s t i c  resu l ts .  

L im i ted  app l i ca t ion  o f  CREAMS has been mde  on rad ioac t i ve  waste disposal 

s i t es .  Design o f  r uno f f  and erosion contro l  pract ices can be mde  t o  minimize 

losses o f  both adsorbed and dissolved chemicals from disposal areas. 

The hydrology and erosion components of CREAMS has been tested an pasture- 

rangeland watersheds w i th  vary ing resu l ts .  The major d i f f i c u l t y  encountered i n  

such an app l i ca t i on  i s  adequate representat ion o f  l e a f  area index (LAI) values 

f o r  d i f f e r e n t  species o f  grasses. Forage u t i  li zat ion by l i ves tock  i s  d i f f i c u l t  

t o  estimate, and i n  turn, the reduced LA1 r e s u l t i n g  from grazing. Mixtures o f  



d i f f e r e n t  species o f  both cool and warn season grasses i n  the s a w  pasture 

cause d i f f i c u l t y  i n  adequately es t imat ing  LAI. Also, such mixtures cause se- 

l e c t i v e  graz ing by l i ves tock  which can r e s u l t  i n  nonuniform forage u t i l i z a t i o n .  

Brush species oftent imes associated w i t h  rangelands are d i f f i c u l t  t o  represent 

i n  a p p l i c a t i o n  o f  CREAMS. Rooting and water use c h a r a c t e r i s t i c s  are d i f f e r e n t  

f o r  grasses and brush. Pre l iminary t e s t i n g  o f  the CREAMS hydrology component 

on wooded watersheds i n d i c a t e  t h a t  some adjustment i s  needed i n  the evapotrans- 

p i  r a t i  on component t o  adequately r e f 1  e c t  soi 1  evaporat ion and p l a n t  t ransp i ra -  

t i o n  f o r  a  t r e e  canopy w i t h  s i g n i f i c a n t l y  greater  LA1 than f o r  a g r i c u l t u r a l  

crops. 

N u t r i e n t  c y c l i n g  on pasturelrangeland app l i ca t ions  o f  CREAMS i s  not  ade- 

quate t o  consider e f f e c t s  o f  a l t e r n a t e  graz ing systems. Nonuniform appl ica-  

t i o n  o f  animal kraste, se lec t i ve  foraging by l i ves tock ,  and the var ious n u t r i e n t  

t r a n s f o r m t i o n s  r e s u l t  i n  extreme d i f f i c u l t y  i n  apply ing the model. 

V a r i a b i l i t y  o f  r a i n f a l l  from year t o  year and d i s t r i b u t i o n  o f  r a i n f a l l  

w i t h i n  a  year are such t h a t  r e s u l t s  o f  any model a p p l i c a t i o n  are c l imate  depen- 

dent. The occurrence o r  nonoccurrence o f  r u n o f f  producing storms dur ing high 

e ros ion-po ten t ia l  periods, o r  s h o r t l y  a f t e r  a p p l i c a t i o n  of f e r t i  1  i z e r s  and 

pes t i c ides ,  may be c r i t i c a l  i n  any p a r t i c u l a r  year. Evaluat ion o f  nonpoint 

source p o l l u t i o n  from a l t e r n a t e  management p rac t i ces  should no t  be made f o r  a  

s i n g l e  year, o r  even two o r  three years. CREAMS kvas designed t o  be computer 

e f f i c i e n t  such t h a t  a  20-year per iod o f  s imulat ion could be made a t  a  r e l a t i v e -  

l y  low cost.  Such a  record length would inc lude both wet and d r y  years r r i th  

d i f f e r e n t  d i s t r i b u t i o n s  w i t h i n  the years. Results from a  20-year s imulat ion 

a r e  much more meaningful and more confidence can be gained. The design o r  se- 

l e c t i o n  o f  management systems f o r  nonpoint source p o l l u t i o n  con t ro l  m y  need t o  

be based on r i s k  analys is ,  p a r t i c u l a r l y  p o t e n t i a l l y  t o x i c  p e s t i c i d e  losses. 

'That i s ,  how many occurrences exceed some predetermined p e s t i c i d e  concentrat ion 



o r  l o a d  d u r i n g  a t i m e  pe r i od .  Such a r i s k  a n a l y s i s  must be made w i t h  r e l a t i v e -  

l y  long- term s i m u l a t i o n  such as a 20-year record .  I f  some t o x i c  l e v e l  i s  ex- 

ceeded o n l y  once i n  t he  20 years ,  some economic va lue  can be p laced on t he  as- 

s o c i a t e d  r i s k .  Th i s  t ype  o f  a n a l y s i s  should be cons idered when economics m t e r  

i n t o  t h e  d e c i s i o n  making process. C o s t l y  c o n t r o l  measures m y  n o t  be j u s t i f i e d  

i f  a t o x i c  c o n d i t i o n  r e s u l t s  on t h e  average o f  on l y  once i n  20 yea rs  o r  once i n  

50 years .  On t h e  o t h e r  hand, a once i n  10  yea r  exceedance m y  j u s t i f y  consid- 

e r a b l e  expend i t u res  on extreme conse rva t i on  measures. Another  reason f o r  long- 

t e r m  s i m u l a t i o n  i s  t o  e f f e c t i v e l y  cons ide r  c rop  r o t a t i o n s .  Due t o  r a i n f a l l  

v a r i a b i l i t y ,  severa l  yea rs ,  o r  cyc les ,  o f  t h e  r o t a t i o n  must be s imu la ted  such 

t h a t  each c r o p  o f  t h e  r o t a t i o n  p o t e n t i a l l y  can be represented i n  wet and d r y  

years.  Fo r  example, a 4-year r o t a t i o n  must be r u n  f o r  a b s o l u t e  lninimum 12-year 

s i m u l a t i o n  per iod .  Each c r o p  w i l l  appear m l y  t h r e e  t imes d u r i n g  the  s imula- 

t i o n  pe r i od .  

Components o f  t he  CREAllS model were t e s t e d  w i t h  data from as many loca-  

t i o n s  as p o s s i b l e  w i t h  v a r y i n g  degrees o f  r e s u l t s .  However, t h e r e  a re  l i m i t a -  

t i o n s  on a p p l i c a b i l i t y  t h a t  have n o t  been determined adequately.  Fo r  example, 

r u n o f f  volume es t ima tes  shou ld  be v a l i d  f o r  a wide range o f  f i e l d  s i z e s  f rom a 

f r a c t i o n  a c r e  t o  200 ac res  o r  more. However, t h e  es t ima te  o f  peak r a t e s  o f  

r u n o f f  f o r  e ros ion/sed iment  y i e l d  c a l c u l a t i o n  m y  n o t  be v a l i d  f o r  very  small 

areas such as a 1 /4  a c r e  p l o t .  Peak r a t e s  f o r  l o n g  narrow f i e l d s  w i t h  l e n g t h -  

t o - w i d t h  r a t i o s  g r e a t e r  than 4 may n o t  be r e a l i s t i c  when c o n s i d e r i n g  ove r l and  

f low w i t h  channels o r  impoundments. The peak r a t e s  may be v a l i d  f o r  r u n o f f ,  b u t  

may n o t  p r o v i d e  good c h a r a c t e r i z a t i o n  f o r  e ros ion/sed iment  t r a n s p o r t .  F i e l d s  f o r  

which l a r g e  l eng th -w id th  r a t i o s  e x i s t  g e n e r a l l y  rep resen t  c o n d i t i o n s  t h a t  r e -  

q u i r e  f low r o u t i n g  techniques n o t  i nc luded  i n  CREAMS. Ext remely  s teep  slopes 

have n o t  been t e s t e d  adequate ly  f o r  CREAMS a p p l i c a t i o n .  S lopes i n  excess o f  20 

pe rcen t  w i t h  l i t t l e  o r  no cover  and sur face roughness may have near c r i t i c a l  



f l o w  c o n d i t i o n s .  It i s  doub t fu l  t h a t  es t ima tes  o f  peak r a t e s  would be v a l i d  

f o r  these c o n d i t i o n s .  

CREAIIS has n o t  been t e s t e d  on i r r i g a t e d  f i e l d s ,  a l t hough  normal a p p l i c a -  

t i o n  has been made f o r  s p r i n k l e r  i r r i g a t i o n  w i t h  r e a l i s t i c  r e s u l t s .  Such an 

a p p l i c a t i o n  w i t h  excess i r r i g a t i o n  r e s u l t i n g  i n  r u n o f f  should be f e a s i b l e .  

Hoirever, f l o o d  o r  row i r r i g a t i o n  w i t h  r ra ter  i n  excess o f  so i  1  water d e f i c i e n c y  

would n o t  g i v e  r e a l i s t i c  response. There would n o t  be r a i n d r o p  detachment o f  

s o i l  p a r t i c l e s  and e r o s i o n  m igh t  occur  due t o  shear s t r e s s  f rom f l o w i n g  kiater. 

The e r o s i o n  component o f  CREAMS assumes s p a t i a l l y  v a r i e d  un i  f o r m l y  i n c r e a s i n g  

d i  scharge f o r  e r o s i  on ldepos i  t i on i n  concent ra ted fl ow. F l  ood o r  row irri ga ti on 

i n v o l v e s  decreas ing f l o w  r a t e  r e s u l t i n g  i n  a  d i f f e r e n t  energy g rad ien t .  

I n  c l i f n a t i c  r e g i o n s  where r a i n f a l l  may occur on snow o r  on f rozen  ground, 

es t ima ted  r u n o f f  volumes probab ly  a r e  g r o s s l y  underest imated. P r e l i m i n a r y  

t e s t i n g  has been made i n  t h e  n o r t h v e s t  U n i t e d  S ta tes  vhere  f r ozen  s o i l  occur red 

below a  v e r y  sha l l ow  unf rozen l a y e r  h e n  s i g n i f i c a n t  r a i n f a l l  events  were expe- 

r i enced .  Large volumes o f  r u n o f f  were observed when l i t t l e  or  none was simu- 

l a ted .  S i g n i f i c a n t  r u n o f f  may r e s u l t  i n  e r o s i o n  o f  t h e  unf rozen t o p  l a y e r  

l a r g e l y  as a  sheet. Th i s  i s  e s p e c i a l l y  t r u e  f o r  s t e e p l y  s l o p i n g  areas. The 

hydro logy component o f  CREAMS does n o t  adequate ly  cons ide r  f r ozen  ground. A  

r e v i s i o n  can be made based upon t h e  a i r  temperature,  bu t  t h i s  a lone i s  n o t  s u f -  

f i c i e n t  t o  t r e a t  t h e  above mentioned c o n d i t i o n  o f  an unf rozen l a y e r  o v e r l y i n g  a  

f rozen zone. T h i s  would r e q u i r e  an ex tens i ve  sub rou t i ne  t o  cons ide r  heat  f l u x  

and i n s o l a t i  on and t h e i r  i n t e r a c t i o n s .  

A t  l a t i t u d e s  g r e a t e r  than 60°, month ly  r a d i a t i o n  va lues p l o t  app rox i -  

ma te l y  t r i a n g u l a r  i n  shape. That i s ,  t h e r e  i s  ve ry  l i t t l e  r a d i a t i o n  d u r i n g  

\ l i n t e r  months, b u t  i t  increases r a p i d l y  t o  a  peak sumner va lue  and decreases 

j u s t  as r a p i d l y  f o l l o w i n g  the  peak. The f o u r i e r  f u n c t i o n  used t o  f i t  t h e  data 

does n o t  adequate ly  desc r i be  t h e  shape and n e g a t i v e  va lues r e s u l t  d u r i n g  t h e  



br in ter  pe r i od .  A  c o n s t r a i n t  m s  p rog ramed  i n t o  t h e  model t o  prevent  nega t i ve  

va lues,  b u t  t h e  f o u r i e r  f u n c t i o n  cannot adequately rep resen t  t h e  s teep  t r i a n g u -  

l a r  shape. However, s e n s i t i v i t y  a n a l y s i s  showed t h a t  r u n o f f  and p e r c o l a t i o n  

es t ima tes  a r e  n o t  v e r y  s e n s i t i v e  t o  l a r g e  changes i n  l e a f  area i ndex  as ca l cu -  

l a t e d  f rom r a d i a t i o n .  There fore ,  r e s u l t s  o f  CHEAIIS a p p l i c a t i o n  a r e  n o t  t o o  ad- 

v e r s e l y  a f f e c t e d ,  e s p e c i a l l y  when cons ide r i ng  r e l a t i v e  d i f f e r e n c e s  between man- 

agement p r a c t i c e s .  

D e s p i t e  sane l i m i t a t i o n s  and shortcomings o f  the  CREAMS model, i t  i s  a  

u s e f u l  t o o l  f o r  e v a l u a t i n g  nonpo in t  source p o l l u t i o n .  S ince the  model i s  ve ry  

computer e f f i c i e n t ,  t h e  model has o t h e r  p o t e n t i a l  uses f o r  examining long-term 

t rends .  The most s i g n i f i c a n t  use o f  t h e  model i s  f o r  a n a l y s i s  o f  r e l a t i v e  d i f -  

fe rences between d i f f e r e n t  management p r a c t i c e s .  

APPLICATION 

A  major  u t i  l i t y  o f  CKEAMS i s  e v a l u a t i o n  o f  a1 t e r n a t e  management p r a c t i c e s  

f o r  c o n t r o l  o r  m i n i m i z a t i o n  o f  r u n o f f  o f  sediment and chemicals.  Several  a l t e r -  

n a t e  p r a c t i c e s  m igh t  be proposed f o r  a  g i ven  s i t e .  Each cou ld  be eva luated 

w i t h  CKEAMS, and t h e  farmer  cou ld  s e l e c t  a  p r a c t i c e  b e s t  s u i t e d  t o  h i s  needs 

f rom those judged t o  be s a t i s f a c t o r y .  

Example Area and P r a c t i c e s  

A p p l i c a t i o n  o f  CREAMS i s  i l l u s t r a t e d  fo r  a  3.2-acre area from the  Georgia 

Piedmont phys iog raph i c  area. F igu re  5 shows t h e  topography of t he  f i e l d .  The 

fence l i n e  r e s t r i c t s  su r face  drainage, which r e s u l t s  i n  temporary ponding o f  

r u n o f f .  The s o i l  i s  a  C e c i l  sandy loam hav ing a  depth o f  24 i nches  t o  t h e  82 

ho r i zon .  F i v e  management p r a c t i c e s  a re  analyzed f o r  cont inuous corn.  
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F i g u r e  5 .  Topographic  map f o r  the Georg ia  Piedmont field 



P r a c t i c e  1. Convent ional  ti l lage--moldboard plow i n  t h e  sp r i ng ,  d i s k  

t w i c e ,  p l a n t ,  and c u l t i v a t e  tw ice .  Rows run across  t h e  d r a i n -  

age, more o r  l e s s  m the  contour  i n  t h e  upper end o f  t h e  f i e l d  

and g e n e r a l l y  up and down s lope  a t  t h e  l ower  end. Runo f f  i s  

r e s t r i c t e d  a t  t h e  fence l i n e .  

P r a c t i c e  2. Same as p r a c t i c e  1, except  w i t h  a  grassed ra te rway  i n  t h e  con- 

c e n t r a t e d - f l o w  area. 

P r a c t i c e  3. Ch i se l  plorr i s  used i n s t e a d  o f  moldboard, and no c u l t i v a t i o n ;  

g rassed water-way i s  used i n  t h e  concen t ra ted - f l ow  area. 

P r a c t i c e  4. Convent ional  t i 1  lage,  same as p r a c t i c e  1, channe l - type t e r -  

r aces  w i t h  0.2 pe rcen t  grade, t i l l a g e  on contour ,  grassed t e r -  

r a c e  out1 e t  channel. 

P r a c t i c e  5. Same as p r a c t i c e  1, w i t h  a  t i l e  o u t l e t  impoundment a t  t h e  

fence l i n e .  

'The p l a n t  n u t r i e n t  component bas run  tw i ce ,  once w i t h  p r a c t i c e  1 f o r  a  

s i n g l e  a p p l i c a t i o n  o f  140 kg/ha n i t r o g e n  and 28 kg lha  phosphorus a t  p l a n t i n g  

t i m e  and aga in  w i t h  a  s p l i t  a p p l i c a t i o n  o f  n i t r o g e n :  25 kg lha  i n c o r p o r a t e d  a t  

p l a n t i n g  t i m e  and 112 kg lha  topdressed 40 days a f t e r  p l a n t i n g .  A s o l u b l e  pes- 

t i c i d e ,  a t r a z i n e ,  and one adsorbed type, paraquat,  were assumed t o  be su r face  

a p p l i e d  a t  p l a n t i n g  t i m e  a t  t h e  r a t e  o f  3.36 kg lha  and 2.05 kg lha,  respec t i ve -  

l y ,  f o r  each o f  t h e  management p rac t i ces .  Paraquat used i n  t h i s  a p p l i c a t i o n  i s  

cons idered o n l y  as  an i n d i c a t o r  f o r  t r a n s p o r t  o f  any s t r o n g l y  s o i l  adsorbed 

chemical  t h a t  i s  a p p l i e d  a n n u a l l y  o r  i s  p resent  as a  r e s i d u e  from p rev ious  ap- 

p l  i c a t i  ons. 

R e s u l t s  f rom Hydro logy Component 

The d a i l y  r a i n f a l l  hydro logy o p t i o n  kras used t o  genera te  h y d r o l o g i c  va lues 

r e q u i r e d  by  t h e  e ros ion  and chemis t r y  components. The r e s u l t s  a r e  shown i n  

Tab le  1. H y d r o l o g i c a l l y ,  t h e  o n l y  changes a r e  i n  management p r a c t i c e s  3 and 4 



Table 1. Hydrologic ana lys is  o f  several f a m i n g  p rac t i ces  f o r  the  example 
Georgia watershed. Values are from CREAMS simulat ions. 

Evapotrans- b /  "nagement ~ a i n f a l l ~  Runoff Perco la t i  on Product- p r a c t i c e  Q. 9, 
average 

( t j t a l  ) per event 
(mn) ( m )  ( m )  ( m )  ( m  / h r )  (mn2/hr) 

a / ~ o t a l  for the  per iod  May, 1973 - October, 1915. 

k'product o f  r u n o f f  volume, Q, and r u n o f f  peak rate, q  
P '  

as compared w i t h  p r a c t i c e  1. Reduced curve numbers r e s u l t e d  i n  less  computed 

r u n o f f  f o r  these two pract ices.  The roughness and the  surface cover o f  corn 

res idue i n  t h e  ch ise l  plow system accounts f o r  i t s  reduct ion i n  runo f f .  I n  

p r a c t i c e  4, the ter races and contour ing reduce r u n o f f  volume and at tenuate the 

peak r a t e  o f  r u n o f f  because o f  a  longer t o t a l  f low path [ increased e f f e c t i v e  

1ength:width r a t i o ) .  The parameters were not chosen t o  r e f l e c t  a  hydro log ic  

in f luence  o f  the grassed waterway or impoundment a t  the  fence l i n e .  

The ef fect  o f  ter races and contour ing cn runo f f  was equiva lent  t o  t h a t  o f  

c h i s e l i n g  and associated c rop  residue. Runoff volume, and thus perco la t ion  and 

evapotranspi rat ion,  d i d  not  change between p rac t i ces  3 and 4. Runoff, percola- 

ti on. and evapotranspi rat ion are the same f o r  p rac t i ces  1, 2 ,  and 5. However, 

r u n o f f  from these p rac t i ces  was 1.6 times tha t  from prac t i ces  3 .and 4. 

The l a s t  column o f  Table 1 gives the sum o f  the product o f  volume o f  run- 

o f f  and peak r u n o f f  r a t e  f o r  the per iod o f  record which i s  an index o f  the po- 

t e n t i a l  power o f  r u n o f f  f o r  sediment t ranspor t .  The index provides a  r e l a t i v e  

comparison o f  the  management pract ices.  Since r u n o f f  volumes and peak ra tes  

d i d  n o t  change between p rac t i ces  1, 2, and 5, the index value d i d  not  change. 



The peaks associated w i t h  lower volumes f o r  p r a c t i c e  3 r e s u l t e d  i n  a much lower 

value, and the peak a t tenua t ion  caused by the ter races i n  p rac t i ce  4 f u r t h e r  

reduced the index even though volumes irere the same f o r  p rac t i ces  3 and 4. The 

empir ica l  r e l a t i o n s h i p  f o r  peak r a t e  (Equation 3 )  does not  r e f l e c t  an increas- 

ed hydrau l i c  roughness f o r  grassed waterways such a s  i n  p r a c t i c e  2 o r  the  e f -  

f e c t  o f  impoundments such as i n  p rac t i ce  5. 

Results f r o n  Erosion/Sedinent Y i e l d  Cocmnent 

To apply the eros ion component, an overland f low element and a concentra- 

ted  flow element were used t o  represent the watershed for  p rac t i ces  1, 2, and 

3 .  An impoundment element was added f o r  p r a c t i c e  5. P rac t i ce  4 was represent- 

ed by an overland f low element and a ser ies o f  two channel elements. Parameter 

values f o r  10 overland f low paths around the watershed bere averaged f o r  a rep- 

r e s e n t a t i v e  overland f low path. The fence l i n e  a t  the watershed o u t l e t  was as- 

sumed t o  r e s t r i c t  f l ow causing backwater. 

S imulat ion r e s u l t s  shown i n  Table 2 i n d i c a t e  the fac to rs  a f f e c t i n g  erosion 

and sedlment y i e l d  a t  t h i s  s i t e .  Deposit ion occurred w i t h  p r a c t i c e  1 s ince the 

enrichment r a t i o .  ER, o f  2.1 i s  greater  than 1.0. I f  the model computes no de- 

pos i t i on ,  ER i s  1 .O. Deposit ion was on the toe o f  the concave overland f low 

slope, bu t  most was i n  backwater imnediately above the fence l i n e .  The model 

p red ic ted  t h a t  the na tu ra l  waterway upstrean from the backwater would erode. 

A grassed waterway, p r a c t i c e  2, e l iminated erosion by concentrated f low i n  

t h e  p rev ious ly  unprotected waterway and caused deposi t ion o f  some o f  the sedi- 

ment eroded on the  overland f low area. The increase i n  ER from 2.1 t o  2.7 re -  

s u l t e d  from increased deposit ion. Fines were not  reduced i n  the same propor- 

t i o n  as sediment y i e l d  ( S Y )  because the EK increased. The product o f  SY and 

ER, a r e l a t i v e  measure o f  both sediment y i e l d  and spec i f i c  surface area, i n d i -  

cates the c a r r y i n g  capaci ty  f o r  chemicals attached t o  the sediment. 



D e p o s i t i o n  i n  and a t  t h e  edges o f  t h e  grassed ks terway would cause mainte- 

nance problems and should be reduced by reduc ing  e ros ion  on the  over land f low 

area. The c h i s e l  p low conse rva t i on  ti 1 l age  system, p r a c t i c e  3, p rov ided  t h a t  

reduc t i on ,  wh ich  would a l s o  h e l p  t o  m i n t a i n  so i  1 p r o d u c t i v i t y .  

I n s t e a d  o f  conse rva t i on  ti 1 l age ,  t h e  farmer m y  p re fe r  convent iona l  ti 11- 

age w i t h  conven t i ona l  t e r races ,  p r a c t i c e  4, and a grassed o u t l e t  channel. 

sediment y i e l d  was reduced by 82 percent ,  b u t  ER inc reased  because o f  cons ider -  

a b l e  d e p o s i t i o n  i n  t h e  t e r r a c e  channels and i n  t h e  grassed o u t l e t  channel .  

Another  poss i  b i  1 i t y  was an impoundment t e r r a c e ,  p r a c t i c e  5, which f u r t h e r  re -  

duced sediment y i e l d ,  b u t  g r e a t l y  i nc reased  ER. The r e s u l t i n g  SY-ER was as 

h i g h  as t h a t  f o r  p r a c t i c e  3 where SY was 1.8 t imes  t h a t  o f  p r a c t i c e  5. 

Table 2. E ros i  on lsed iment  y i e l d  a n a l y s i s  o f  seve ra l  f a r l r i ng  p r a c t i c e s  f o r  t h e  
example Georgia watershed. Values a r e  f rom CREAMS s imu la t i ons .  

Enr ichment r a t i o  (ER) Product 
Management P r a c t i c e  Sediment ~ i e l & /  based on 

(SY) s p e c i f i c  s u r f a c e  area SY .ER 

t l h a )  t/ ha 

1 10.61 2.1 22.28 
2 5.38 2.7 14.53 
3 2.00 2.3 4.60 
4 1.93 2.9 5.60 
5 1.08 4.3 4.64 

d / ~ o t a l  f o r  t h e  p e r i o d  May, 1973 - October,  1975. 

As expected, enr ichment r a t i o  increased as sediment y i e l d  decreased, b u t  

i n  a s c a t t e r e d  fash ion.  Furthermore, t h e  r e l a t i o n s h i p  may be q u i t e  d i f f e r e n t  

f o r  o t h e r  s i t e s .  

Resu l t s  f r om R u t r i e n t  Conponent 

R e s u l t s  f rom t h e  p l a n t  n u t r i e n t  component a r e  sumnarized i n  Table 3 where 

t o t a l  n i t r o g e n  and phosphorus l osses  f o r  t he  30-vonth p e r i o d  a r e  given. Two 

runs were made f o r  management p r a c t i c e  1 t o  demonstrate t h e  e f f e c t s  o f  p o s s i b l e  

f e r t i l i z e r  t r ea tmen ts .  F e r t i l i z e r  a p p l i c a t i o n  was t h e  same for  managelrent 



p r a c t i c e s  l A ,  2,  3, 4, and 5,  where 28 kg lha o f  n i t r o g e n  was i nco rpo ra ted  a t  

p l a n t i n g  t ime, and 112 kg lha o f  n i t r o g e n  bras topdressed approx imate ly  30 days 

a f t e r  corn  emergence. I n  p r a c t i c e  l B ,  t he  t o t a l  140 kg/ha o f  n i t r o g e n  was i n -  

co rpo ra ted  a t  p l a n t i n g  time. 

The r e s u l t s  f o r  p r a c t i c e s  l A ,  2,  3,  4, and 5 r e f l e c t  d i f f e r e n c e s  caused by 

changes i n  r u n o f f  and sed iqent  y i e l d  f o r  t he  d i f f e r e n t  p r a c t i c e s .  P rac t i ces  3 

and 4 r e s u l t e d  i n  l e s s  r u n o f f  and more p e r c o l a t i o n  than i n  p r a c t i c e s  l A ,  3, and 

5. Thus, the n i t r o g e n  and phosphorus i n  r u n o f f  was l e s s  fo r  p r a c t i c e s  3 and 4, 

b u t  more n i t r a t e  was leached ou t  o f  t he  r o o t  zone and more d e n i t r i f i c a t i o n  oc- 

cur red.  P l a n t  uptake o f  n i t r o g e n  changed very  l i t t l e  s ince t h e r e  was l i t t l e  

change i n  ET. These changes i n  n i t r o g e n  uptake r e f l e c t  s l i g h t l y  d i f f e r e n t  c rop  

y i e l d  due t o  d i f f e r e n c e s  i n  m t e r  and n i t r o g e n  a v a i l a b i l i t y .  

S p l i t  a p p l i c a t i o n  versus s i n g l e  a p p l i c a t i o n  o f  n i t r o g e n  can be eva luated 

by comparing r e s u l t s  f o r  p r a c t i c e s  1A and 1B. P a r t  o f  t he  d i f f e r e n c e  i n  n i t r o -  

gen l o s s  i s  due t o  storm rainfall/runoff/sediment l o s s  events r e l a t i v e  t o  t ime  

o f  a p p l i c a t i o n ,  and p a r t  i s  due t o  a l l  o f  t he  n i t r o g e n  be ing i nco rpo ra ted  i n  

t h e  soi  1  f o r  p r a c t i c e  1B. l l i t r ogen  uptake was l e s s  f o r  t he  s i n g l e  a p p l i c a t i o n  

than f o r  t h e  s p l i t  a p p l i c a t i o n  f o r  t he  same ET because l each ing  and d e n i t r i f i -  

c a t i o n  dep le ted  the  h igh  so i  1  n i t r a t e  f o l l o w i n g  s i n g l e  a p p l i c a t i o n .  Th i s  il- 

l u s t r a t e s  the  i n f l u e n c e  o f  s t o n  sequence. I f  r a i n f a l l  had been more f requen t ,  

b u t  l e s s  i n  t o t a l  amount, t h e  r e s u l t s  might  have been e n t i r e l y  d i f f e r e n t .  N i -  

t r a t e  l each ing  among the  5 p r a c t i c e s  r e f l e c t s  t he  change i n  pe rco la t i on .  Sur- 

face losses of n i t r o g e n  and phosphorus l a r g e l y  r e f l e c t  r u n o f f  and sediment 

1 osses. 

Resu l t s  f rom P e s t i c i d e  Component 

P e s t i c i d e  losses f o r  t he  f i v e  management p r a c t i c e s  a r e  sumnarized i n  Tab le  

4  f o r  t he  s i m u l a t i o n  per iod.  A t raz ine  and paraquat represent  a  d i sso l ved  and 

a  sediment-at tached p e s t i c i d e ,  r e s p e c t i v e l y ,  and the  l osses  show the e f f e c t s  o f  



Table 3. S u m a r i e s  o f  t o t a l  p l a n t  n u t r i e n t  components f o r  f i v e  mnageqen t  
p r a c t i c e s  f o r  t he  Georgia Piedmont, 1973-75. Values a r e  f rom CREAHS 
s i f l u l a t i o n s .  

Managment P r a c t i c e  

~ A U  1B 2 3 4  5  

I l i t r o g e n  (kg/ha 1 
I n p u t s  

F e r t i  1  i z e r  
R a i n f a l l  
f l i n e r a l  i z a t i  on 

Outputs  
Runo f f  
Sediment 
P l a n t  uptake 
Leach ing 
Deni tri f i c a t i  on 

Phosphorus (kg /ha)  

I n p u t s  
F e r t i  1  i zer  84 .O 84.0 84.0 84.0 84.0 

Outputs  
Runo f f  1.34 1.34 .78 .78 1.34 
Sed ivent  14.3 8.3 3  -4 3.2 2 .O 

A 'p rac t i ces  l A ,  2, 3, 4, and 5  had 28 kg/ha o f  n i t r o g e n  f e r t i l i z e r  i n c o r p o r a t e d  
a t  p l a n t i n g  and a  topdressing of 112 kg/ha app rox ima te l y  30 days a f t e r  corn  
emergence. P r a c t i c e  1B had 140 kg/ha i n c o r p o r a t e d  a t  p l a n t i n g  t ime. 

t h e  management p r a c t i c e s  on r u n o f f  and eros ion.  A t r a z i n e  i s  t r a n s p o r t e d  m a i n l y  

i n  l a t e r ,  and t h e  reduced r u n o f f  f rom c h i s e l  p lowing and t e r r a c i n g  ( p r a c t i c e s  3  

and 4, Tab le  1 )  reduced losses by about  80 percent .  The s l i g h t  changes i n  l oss  

f rom p r a c t i c e s  1 t o  2  t o  4  r e f l e c t  t h e  mll amount o f  a t r a z i n e  t r a n s p o r t e d  by 

sediment. Since paraquat  i s  t r a n s p o r t e d  ma in l y  i n  sediment, losses a r e  gener- 

a l l y  c l o s e l y  assoc ia ted  w i t h  sediment y i e l d .  The excep t i on  i s  f o r  p r a c t i c e  5, 

where t h e  impoundment r e s u l t e d  i n  t he  lowest  sediment y i e l d  (Tab le  2 ) .  Oeposi- 

t i o n  o f  coarse p a r t i c l e s  i n  t h e  impoundment m s u l  t e d  i n  t h e  h i g h e s t  enr ichment 

r a t i o ,  and sediment hav ing t h e  h ighes t  f r a c t i o n  o f  f i n e s .  The f i n e  sediment i s  

t h e  main c a r r i e r  o f  p e s t i c i d e s  a t t ached  t o  sedlment. Enr ichment o f  f i n e s  re- 

s u l t e d  i n  more paraquat  l o s s  from p r a c t i c e  5, t h e  impoundment system, than from 

p r a c t i c e  3, t h e  c h i s e l  p low system, where sediment y i e l d  was g rea te r .  



U t i l  i t y  o f  Resu l t s  

The r e l a t i v e  r e s u l t s  o f  a p p l i c a t i o n  o f  t h e  CKEAMS model nay no t  occur f o r  

t h e  same p r a c t i c e s  i n  o t h e r  l and  resource areas or  o the r  f i e l d s  i n  t h e  same 

l a n d  resource area. A p p l i c a t i o n  o f  t he  model i s  s i t e  s p e c i f i c ,  and t h e  examples 

rep resen t  a  spec i  f i c  t opog raph i c  and c l  i m a t i c  s i t u a t i o n .  However, these r e -  

s u l t s  demonstrate t h e  u t i l i t y  o f  CREAMS as a  t o o l  t o  e v a l u a t e  a l t e r n a t e  manage- 

ment p r a c t i c e s  and t h e  complex i n t e r a c t i o n s  among t h e  components f o r  t h e  sever-  

a l  p r a c t i c e s .  The r e s u l t s  show t h a t  a  s p e c i f i c  manaGement system may no t  n i n i -  

mi ze a l l  p o l l u t a n t s  (sediment,  p l a n t  n u t r i e n t s ,  and p e s t i c i d e s ) .  Fac to rs  o t h e r  

t han  m i n i m i z i n g  p o l l u t a n t s  must be cons idered i n  s e l e c t i n g  a  mnagenent  prac- 

t i c e ,  such as f a n  machinery requ i rements  and t h e  fa rmer ' s  economic con- 

s t r a i n t s .  

Tab le  4. Summary o f  t o t a l  p e s t i c i d e  l osses  f o r  f i v e  management p r a c t i c e s  on 
t h e  example Georgia watershed, 1973 t o  1975. Values a r e  f rom CREAMS 
s i m u l a t i o n s .  

P e s t i c i d e  
A t r a z i n e  Para qua t 

Management To ta l  To ta l  Percent  o f  To ta l  T o t a l  Percent o f  
p r a c t i c e  a p p l i e d  l o s s  a p p l i c a t i o n  a p p l i e d  l o s s  a p p l i c a t i o n  

(kg /ha)  (kg /ha)  (kg /ha)  (kg/ha) 
1 10 .O 0.055 0.55 6.2 0.265 4.32 

SUMMARY 

I.lathematica1 models t o  assess nonpoi n t  source pol  l u t i o n  and eva lua te  e f -  

f e c t s  of  management p r a c t i c e s  f o r  i t s  c o n t r o l  a r e  needed t o  adequate ly  respond 

t o  Uater  Q u a l i t y  L e g i s t l a t i o n  o f  t h e  pas t  10  yea rs .  Consequently, t h e  U.S. 

Department o f  A g r i c u l t u r e ,  Science and Educat ion  Admini s t r a t i  on, A g r i c u l t u r a l  

Research, has developed CREAMS, a  f i e l d  sca le  model f o r  Chemicals, Runoff ,  and 

E ros ion  f rom A g r i  c u l t u r e  thnagement Systems. The model i n c l u d e s  components f o r  



hydro logy,  eros ion lsed iment  y i e l d ,  and chemical t r a n s p o r t  t h a t  descr ibe the  

movement o f  r u n o f f ,  sediment and i t s  c h a r a c t e r i s t i c s ,  p l a n t  n u t r i e n t s ,  and pes- 

t i c i d e s  from f i e l d  s i zed  areas. It i s  a cont inuous s i m u l a t i o n  model t h a t  oper- 

a t e s  e f f i c i e n t l y  t o  a1 low cons ide ra t i on  o f  l ong  records (20 y e a r s ) .  The u t i  li - 
t y  o f  t he  model i s  e v a l u a t i o n  o f  a l t e r n a t e  mnagement p r a c t i c e s  f o r  t h e i r  im- 

pact  on the  y i e l d  o f  sediment and chemical p o l l u t a n t s  f rom f i e l d - s i z e d  areas a t  

s p e c i f i c  s i t e s .  A number o f  a l t e r n a t e  p r a c t i c e s  can be proposed f o r  a s i t e ,  

and a f t e r  e v a l u a t i o n  o f  each i r i t h  CREArlS, a p r a c t i c e  cou ld  be chosen from those 

judged t o  adequately c o n t r o l  sediment and chemical y i e l d  on the  bas i s  o f  re- 

su l  t s  from CREAIIS. 
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INTRODUCTION 

Non-point source p o l l u t i o n  o f  water courses, e s p e c i a l l y  a g r i c u l t u r a l  . 
has received much a t t e n t i o n  dur ing recen t  years due t o  the  f a c t  t h a t  t r e a t -  
ment o f  sewage and i n d u s t r i a l  e f f l u e n t s  has become more e f f i c i e n t .  For  t h i s  
reason i t  has become more important t o  be ab le  t o  est imate loads from non- 
p o i n t  sources accurate ly  and t o  i n v e s t i g a t e  means o f  reducing these loads. 
The a p p l i c a b i l i t y  o f  CREAMS f o r  these purposes was tested.  

THE HOVI BASIN CASE STLIDY 

The model was tes ted  w i t h  data from the t o t a l l y  a g r i c u l t u r a l  Hovi basin, 
s i t u a t e d  i n  V i h t i ,  about 30 k i lometers west o f  He ls ink i .  The data chosen f o r  
c a l i b r a t i o n  were from the  years 1968-1969, when a  specia l  i n v e s t i g a t i o n  w i t h  
f requent  sampling was c a r r i e d  o u t .  The area o f  the Hovi bas in  i s  12.0 hectares 
and dur ing the  years 1968-1969 i t  was e n t i r e l y  open-ditched. The mean slope 
o f  the  bas in i s  2.8% and the p a r t i c l e - s i z e  d i s t r i b u t i o n  o f  the s o i l  i s  55% 
clay. 43% s i l t  and 2% sand. which i s  a c l a y  loam. 

I n  1968 the crop consis ted o f  wheat (2.3 hectares) ,  oats  (4.3 hectares) 
and bar ley  (3.3 hectares).  F e r t i l i z e r s  app l ied  (5.5.1968) were 26 kglha 
n i t rogen  and 15 kg/ha phosphorus ca lcu la ted  per t o t a l  area. I n  1969 the 
crop consis ted main ly  o f  oats  (5.6 hectares) w i t h  some bar ley  (2.7 hectares) 
and wheat (1.0 hectares).  The amount o f  n u t r i e n t s  app l ied  (19.5.1969) were 
32 kglha n i t r o g e n  and 16 kg/ha phosphorus. The n u t r i e n t s  were mixed i n t o  
the top 10 cm o f  s o i l .  

SELECTION OF PARAMETER VALUES 

Monthly mean temperatures and r a d i a t i o n  were c a l c u l a t e d  from d a i l y  
observat ions o f  the V i h t i  meteorological s t a t i o n .  D a i l y  p r e c i p i t a t i o n  values 
were obta ined from the same source. Because Option 1  d i d  n o t  inc lude snow 
accumulation and snowmel t, the i n p u t  p r e c i p i t a t i o n  data had to be modif ied. 
P r e c i p i t a t i o n  between December 1, 1967 and March 20, 1968, and t h a t  between 
December 1, 1968 and A p r i l  10, 1969 was sumned. The t o t a l  p r e c i p i t a t i o n  thus 



ob ta ined  was then d i v i d e d  e q u a l l y  amon? the  dates between March 21 and A p r i l  
4, 1968,and A p r i l  11 and A p r i l  30, 1969 r e s p e c t i v e l y .  Th is  s e l e c t i o n  o f  
dates was based on the  a v a i l a b l e  d a i l y  temperature data.  A1 though the method 
descr ibed above was very  approximate, i t  was the  o n l y  p o s s i b i l i t y  o f  t a k i n g  
the  w i n t e r  c o n d i t i o n s  i n t o  account, because o f  a  l a c k  o f  t ime. 

D i r e c t  measurements o f  many s o i l  c h a r a c t e r i s t i c s  were miss ing.  Parameter 
values needed by the  hydro logy submdel  were es t imated on t h e  b a s i s  o f  mea- 
surements made i n  experimental  f i e l d s  i n  V i h t i  near t h e  Hovi b a s i n  (Seuna, 
1977) and on t h e  b a s i s  o f  i n f o r m a t i o n  g i ven  i n  t h e  model manual. So lub le  
and t o t a l  n u t r i e n t  contents  o f  the s o i l  were ma in l y  es t ima ted  on t h e  b a s i s  
o f  s t u d i e s  by  H a r t i k a i n e n  (1978 and 1979). Op t ion  2  was used f o r  s i m u l a t i n g  
n i t r o g e n  uptake. 

Fo r  t he  sake o f  s i m p l i c i t y  t he  b a s i n  was regarded as a  un i fo rm ove r land  
f l o w  element because i n f o r m a t i o n  on parameter values needed by t h e  o t h e r  
elements was a lmost  t o t a l l y  l a c k i n g .  The parameter values o f  t he  e ros ion /  
sediment y i e l d  model were se lec ted  accord ing t o  the  model manual, and d e f a u l t  
values were used f o r  many parameters. 

RESULTS 

Hydro1 ogy 

Observat ions on r u n o f f  measured i n  t h e  Hovi b a s i n  i n  f a c t  rep resen t  
combined r u n o f f  and p e r c o l a t i o n .  'Therefore, when comparing t h e  obse rva t i ons  
w i t h  t h e  c a l c u l a t e d  values, r u n o f f  and p e r c o l a t i o n  c a l c u l a t e d  by the  model 
had t o  be summed. Ca lcu la ted  and observed values corresponded r a t h e r  w e l l  
on a  month ly  and annual bas i s  (Tab le  1 ) .  I n  1968 t h e  t o t a l  r u n o f f  p l u s  
p e r c o l a t i o n  observed was 265 mn and the  cor responding va l  ue c a l c u l a t e d  by 
the  model was 288 rnm. I n  1969 t h e  values were 223 mn (observed) and 229 mm 
( c a l c u l a t e d ) .  On a  d a i l y  bas is ,  t he  t i m i n g  o f  r u n o f f  was n o t  successfu l ,  
because acco rd ing  t o  the  model t h e  r u n o f f  response f o l l o w e d  on t h e  same day 
t h a t  t h e  r a i n f a l l  occurred, whereas i n  r e a l i t y  t h e  response was observed on 
the  day a f t e r  t h e  r a i n f a l l ,  due t o  the open-d i tch  dra inage system. 

Eros ion/sed iment  Y i e l d  

S o i l  losses a r e  n o t  a  common problem i n  F in land,  u n l i k e  many o t h e r  
c o u n t r i e s  where p reven t i on  o f  e r o s i o n  has been the  most impor tan t  c r i t e r i o n  
i n  choosing the  b e s t  a g r i c u l t u r a l  management p r a c t i c e s .  For t h i s  reason no 
d i r e c t  obse rva t i ons  on s o i l  l osses  i n  F in land  a re  a v a i l a b l e ,  b u t  o n l y  e s t i -  
mates based on suspended s o l i d s  concen t ra t i ons  i n  r u n o f f  waters.  

I n  1968 t h e  average s o i l  l o s s  c a l c u l a t e d  by the  model was 110 tons/km2.a 
and i n  1969, 88 tons/kmz.a. As c a l c u l a t e d  f rom the  suspended s o l i d s  concentra- 
t i o n s  i n  r u n o f f  waters  the  values o f  14 tons/km2.a f o r  1968 and 24 tons/kmZ.a 
f o r  1969 were obta ined.  

N u t r i e n t  Losses 

N i t rogen  and phosphorus l osses  c a l c u l a t e d  by t h e  model were s i q n i  f i c a n t l y  
g r e a t e r  than those c a l c u l a t e d  f rom concen t ra t i on  and r u n o f f  obse rva t i ons  
(Tab le  2 ) .  P a r t i c u l a r l y  i n  autumn, the  model gave very h i g h  n u t r i e n t  losses.  



Table 1. Observed and c a l c u l a t e d  va lues o f  month ly  r u n o f f  p l u s  p e r c o l a t i o n  
i n  1968 and 1969 i n  t h e  Hovi bas in ,  southern  F i n l a n d  

Month Runof f  + p e r c o l a t i o n  (mm) 

1968 1969 
Observed Calculated Observed Ca lcu la ted  

January 

February  

March 

A p r i l  

May 

June 

J u l y  

August 

September 

October 

November 

December 

Tota l  

I t i s  d i f f i c u l t  t o  say which o f  t h e  values a r e  c o r r e c t ,  because t h e  observa- 
t i o n s  were n o t  f r e q u e n t  enough. Furthermore, parameter e s t i m a t i o n  would 
r e q u i r e  data  on t h e  n i t r o g e n  and phosphorus con ten ts  o f  t h e  s o i l ,  which 
were n o t  a v a i l a b l e  a t  t h e  t ime  o f  c a l i b r a t i o n .  

APPLICABILITY OF CREAMS TO FINNISH CONDITIONS 

The h y d r o l o g i c a l  p a r t  o f  t h e  model i s  g r e a t l y  d e f e c t i v e  when a p p l i e d  
t o  F i n n i s h  c o n d i t i o n s :  Op t i on  1  wh ich  was used, does n o t  i n c l u d e  w i n t e r  
c o n d i t i o n s ,  i - e . .  snow and f r o s t .  However, us ing  a  s imp le  and crude m o d i f i c a -  
t i o n  o f  t he  i n p u t  p r e c i p i t a t i o n  data,  s a t i s f a c t o r y  r e s u l t s  were i n  f a c t  ob- 
t a i ned .  I t  t h e r e f o r e  seems q u i t e  p robab le  t h a t  a f t e r  t h e  i n c o r p o r a t i o n  o f  a  
snowmelt sub-model i n  CREAMS, t h e  h y d r o l o g i c a l  p a r t  would work v e r y  w e l l  f o r  
F i n n i s h  c o n d i t i o n s .  Th i s  w i l l  be one o f  t h e  most i m p o r t a n t  t asks  i n  t h e  
near f u t u r e .  



Table 2. Observed and calcu lated n i t rogen  and phosphorus losses i n  1968 
and 1969 i n  the Hovi basin, southern Fin land 

Month Loss o f  n i  tmge  7 Loss o phosphorus 
(kg krK2 month- ) (kg km-J mnth-1  ) 

Observed Ca 1 cul a ted Observed Cal c'ul a ted - 
1968 January 0.0 0.0 0.0 0.0 

February 0.30 0.0 0.0 0.0 

March 150.0 130.0 14.0 1.8 

Apri  1 420.0 270.0 19.0 23.0 

May 7.4 410.0 0.38 37.0 
June 0.16 39 .O 0.01 4.0 

Ju l y  0.20 41 .O 0.03 4.2 

August 2.9 360.0 0.71 37.0 

Sep tenbe r 29.0 420.0 6.4 48.0 

October 33.0 360.0 3.9 24.0 

November 100.0 22.0 10.0 0.0 

December 1.4 0.0 0.09 0.0 

1969 January 0. C 0.0 0.0 0.0 

February 0.0 0.0 0.0 0.0 

March 0.07 0.0 0.01 0.0 

Ap r i l  970.0 230.0 62.0 23.0 

May 0.84 0.0 0. C6 0.0 
June 0.06 0.0 0.01 0.0 

Ju l y  0.0 0.0 0.0 0.0 

August 0.0 0.0 0 .O 0.0 

Septenber 0.41 600.0 0.05 61 .O 

October 26.0 800.0 0.64 80.0 

November 390.0 1300.0 17.0 140.0 

December 2.3 0.0 0.14 0.0 



The c a l i b r a t i o n  o f  t h e  eros ion/sed iment  model c o u l d  n o t  be c a r r i e d  o u t  
because o f  t h e  l a c k  o f  obse rva t i ons .  However, t h e  c a l c u l a t e d  values seem 
very  reasonab le  compared w i t h  e.g., t h e  American values. Th is  i s  i n  agree- 
ment w i t h  t h e  known l ow  l e v e l s  o f  e r o s i o n  i n  F in land .  Observat ions  shou ld  
be made to c o n f i r m  these r e s u l t s .  

I n  t h e  case o f  n u t r i e n t  l osses  t h e  c a l i b r a t i o n  was n o t  ve ry  success fu l .  
Th is  may, however, be  due t o  t h e  s e l e c t i o n  o f  parameter va lues.  I n  p a r t i c u l a r ,  
t h e  n u t r i e n t  c o n t e n t  o f  t h e  s o i l  shou ld  be measured i n  t h e  bas in ,  because i t  
can va ry  very  much even between d i f f e r e n t  bas ins  s i t u a t e d  near each o t h e r .  
W i th  the  a i d  o f  these measurements, t h e  n u t r i e n t  model may be t e s t e d  more 
accura te1 y .  

To sumnarize, t h e  CREAMS model seems t o  be p o t e n t i a l l y  p rom is ing  as a  
model f o r  e s t i m a t i o n  o f  a g r i c u l t u r a l  p o l l u t i o n  i n  F i n n i s h  c o n d i t i o n s .  I t s  
use i s ,  however, r e s t r i c t e d  t o  t h e  f i e l d  sca le .  I n  w a t e r  p r o t e c t i o n  p l a n n i n g  
i t  i s  o f t e n  i m p o r t a n t  to be a b l e  t o  e s t i m a t e  non -po in t  source l oads  on a  
dra inage b a s i n  sca le ,  and models s u i t a b l e  f o r  t h i s  purpose shou ld  a l s o  be 
tes ted .  
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INTRODUCTION 

The increase o f  crop y i e l d  observed w i t h i n  the  l a s t  few decades would 
hard ly  have been poss ib le  w i thou t  the increased appl i c a t i o n  o f  mineral 
f e r t i l  i ze rs .  'Their r o l e  i s  the re fo re  important i n  o rder  t o  ensure s u f f i c i e n t  
food product ion f o r  a constant ly  growing wor ld  populat ion.  I n  the Federal 
Republic o f  Germany t h i s  increasing f e r t i l i z e r  appl i c a t i o n  was espec ia l l y  
apparent f o r  n i t rogen  f e r t i l  i z e r .  Thus the  consumption o f  n i t rogen  f e r t i l  i z e r s  
i n  a g r i c u l t u r e  increased by 83 kg/ha to 126 kg/ha between 1960/61 and 1980/81 
( S t a t i s t i s c h e s  Bundesamt Wiesbaden) . This development, however, i s  apparent ly  
accompanied by a considerable over loading o f  the  environment, which i s  
det r imenta l  t o  the qua1 i t y  o f  some o f  our  1 im i ted  v i t a l  resources, e.g., food, 
s o i l  and water. The most s i g n i f i c a n t  e f f e c t  i n  the Federal Republic o f  
Genany i s  t h a t  concerning ground- and surface-water, especial  1 y the  decreasing 
q u a l i t y  of groundwater caused by n i t r a t e s  which r e s u l t s  i n  increasing problems 
w i t h  d r i n k i n g  water suppl ies.  The r e s u l t i n g  c o n f l i c t  which i s  becoming nore 
and more important i n  the eyes o f  the  publ ic ,  ra i ses  the f o l l o w i n g  question: 
How grea t  a burden can the  environment take and s t i l l  remain product ive, 
economically speaking, if economic and ecoloqica l  aspects a re  considered. 
Answering t h i s  quest ion requi res,  as a f i r s t  step, t h e  q u a n t i f i c a t i o n  o f  the 
re1 a t i o n s h i  p between a g r i c u l  t u r a l  f e r t i l  i z a t i o n  and i t s  external  e f fec ts ,  
which i s  g iven i n  th i s  paper fo r  groundwater p o l l u t i o n  caused by n i t r a t e s ,  as 
t h i s  must be viewed as the  macro-economical l y  most s i g n i f i c a n t  by-product o f  
h igh  f e r t i l i z a t i o n  rates.  

This r e l a t i o n s h i p  has t o  be q u a n t i f i e d  w i t h  the CREAMS model, as the re  i s  
o n l y  l i t t l e  empir ica l  data ava i lab le .  'The empir ica l  data espec ia l l y  do n o t  
a l low a d i f f e r e n t i a t i o n  between various crops o r  crop r o t a t i o n s .  Besides, the 
CREAMS model has the advantage o f  being able t o  r e f l e c t  changes i n  n i t r a t e  
p o l l u t i o n  o f  groundwaters, due to d i f f e r e n t  f e r t i l i z a t i o n  p rac t i ces .  F i r s t ,  
however, the  r e l i a b i l i t y  o f  the model's r e s u l t s  f o r  cond i t i ons  i n  the FRG had 
t o  be tested. The model w i l l  o n l y  be used t o  est imate n i t r a t e  leaching i n t o  
groundwater and there fo re  the c a l i b r a t i o n  o f  the model was done o n l y  f o r  t h i s  
aspect. Simulat ions of the  eros ion submodel w i l l  no t  be c a r r i e d  out. 



DESCRIPTION OF ME CONTROL AREA 

To ca l ibra te  the CREAMS model, the experimental data of the Mussum water 
reserve area was used. This area was chosen, f i r s t ,  because there are  quite 
detailed measurements of the n i t r a t e  concentrations in groundwater as well as 
data concerning fe r t i l i za t ion ,  cropping patterns, climatic, geological and 
hydrological conditions avail able; second, th i s  area seems to  represent quite 
well the kind of agricultural regions, which could be identif ied as "problem- 
areas" in the FRG, as there is rather intensive agricultural  production on 
l ight  sandy so i l s  with a high leaching potential. 

Mussum i s  located in the Northwestern part of Germany, close to  the 
border with the Netherlands. The morphology of the catchment area i s  mainly 
plain, with only a few widely spread farms. 205 ha o r  50% of the area i s  
arable land, 145 ha or  35.4% i s  grassland. 5 ha or  1.2% i s  fores t ,  and 13% 
roads, settlements and gardens. With an annual precipitat ion in the range of 
700 to 750 mn and an average annual temperature of 9.3 degrees C (1 .5O in 
January and 17.50 in July), the climatic conditions show no important differences 
in comparison to other low lying areas in West Germany. The sumers are  
moderately warn, the winters a re  mild and precipitation i s  almost uniformly 
distr ibuted over the whole year. 

The geological formation of the main part of the catchment area i s  mainly 
fine, medium and coarse grained sands and grail  covered by moderately deep 
gley-soil s ,  podsol-gley so i l s ,  brown so i l s ,  gley-brown-soils and so-called 
'Plaggenesch' sand soi ls  with humus. The aquifer can be described as a porous 
water-bearing stratum with a vastly f ree  groundwater tab1 e of pleistocene 
g ra i l s  and sands. The seam thickness of the water yielding stratum ranges 
from about 10 to  15 m. The substratum of the aquifer a r e  miocene s i l t y  clays. 
Above the aquifer i s  a waterless stratum of pleistocene f ine  and m dium grained 
sands. The groundwater regeneration averages about 1.23 million m4 for  the whole 
area of approximately 4.1 km2. 

The whole catchment area can be eas i ly  outlined horizontally and ver t ica l ly  
against the surroundings. A diagram of the groundwater flow i s  given in 
Figure 1 .  

Figure 1. The principle behind the groundwater flow to  the water 
pumping s ta t ion  in the Mussum water reserve area. 
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M E  HYDROLOGY SUBMODEL 

Problems i n  Adjust ing the Model 

Referr ing t o  the users '  manual, the model documentation and several o ther  
publ icat ions about the  CREAMS model (Knisel,  1980). a model descr ip t ion  i s  
d ispensib le f o r  t h i s  paper. 

As there were on ly  d a i l y  values o f  p r e c i p i t a t i o n  avai lab le,  the f i r s t  
op t ion  o f  the hydrology submodel was appl ied. The p r e c i p i t a t i o n  data as we l l  
as data about temperature and rad i a t i on  was used from the  Bocholt  meteorological 
s t a t i o n  which i s  located on ly  6 km south o f  the research area. There was a lso  
qu i t e  de ta i l ed  in format ion ava i lab le  about the  range o f  some o f  the o ther  inpu t  
parameters requested i n  Option 1 o f  the model, as a l o t  o f  research work had 
already been done i n  the Mussum water reserve a f t e r  the water-pumping s t a t i o n  
had t o  be closed because o f  h igh n i t r a t e  concentrat ion i n  the water suppl ied i n  
1970. The values o f  the inpu t  parameters used f o r  the simulat ions o f  leaching 
from arable land, which were mostly gained by measurement o r  from personal in fo r -  
mation suppl ied by geologis ts  and s o i l  s c i e n t i s t s  (Sunkel 1975, 1979; Obermann 
1977; Bundemnn 1978) who had been working i n  t h i s  area, are 1 i s t e d  i n  Table 1. 

Table 1. Input  parameters o f  the hydrology submdel (Option 1 ) .  

Symbol D e f i n i t i o n  Dimension Values f o r  Mussum 

DACRE F i e l d  area acre 75 .O 

FUL 

CONA 

Saturated hydro- i n/hr  
l og i c  conduc t i v i t y  

F i e l d  capacity/ upper 
1 im i  t o f  storage 

I n i t i a l  f r a c t i o n  o f  
s o i l  water storage 

So i l  evaporat ion 
parameter 

POROS Soi 1 p r o s  i t y  

S IA Coe f f i c i en t  

CN2 SCS Curve number 

CHS Main channel slope 0.01 

~ la tc rshcd  width/ 
length r a t i o  

Maximum roo t i ng  depth i n  

Plant  ava i l ab l e  water i n  
storage 



For temperature and r a d i a t i o n  a new s e t  o f  e m p i r i c a l  data was used f o r  
each yea r .  As t h e  r a d i a t i o n  values have o n l y  been measured s ince  1972, average 
values were used f o r  t he  f i r s t  12 years  o f  t h e  s imu la t i on .  The average values 
f o r  an 18-year t ime  pe r iod  f o r  which t h e  hydro logy model had been run  a r e  
l i s t e d  i n  Tab le  2. 

I n fo rma t ion  about  t h e  annual course o f  t h e  l e a f  area index was gained 
from t h e  I n s t i t u t  f u r  Pflanzenbau o f  t h e  F r ied r i ch -Wi lhe lm U n i v e r s i t a t  i n  
Bonn. Fo r  t h e  years  1974 t o  1977 t h e  dates o f  p l a n t  seeding and h a r v e s t i n g  
were a v a i l a b l e  s ince  a survey i n  t he  Mussum area had been made by t h e  
Landwlrtschaftskamner Borken d u r i n g  these years .  

The f i r s t  runs o f  t h e  hydro logy submodel showed t h a t  pe rco la t i on ,  which 
i s  t h e  most impor tan t  parameter f o r  t he  s i m u l a t i o n  o f  n i t r a t e  leach ing,  was 
by f a r  underest imated w h i l e  t h e  es t imates o f  t he  v a l u e  f o r  e v a p o t r a n s p i r a t i o n  
were t o o  h i g h  f o r  t h e  p r e v a i l i n g  c l i m a t i c  c o n d i t i o n s .  S e n s i t i v i t y  t e s t s  were 
made, where t h e  i n p u t  parameter, which had n o t  been measured (BST, CONA, 
CN2, DL), had been changed. Th i s  d i d  n o t  l ead  t o  a s a t i s f a c t o r y  c o r r e l a t i o n  
o f  t h e  r e s u l t s  t o  t h e  observed values. A r e v i s i o n  o f  t h e  i n p u t  f i l e s  based on  
t h e  experiences gained a t  IIASA (Holy  e t  a l .  1932) d i d  n o t  b r i n g  s i g n i f i c a n t  
improvement. The CREAMS r e s u l t s  o f  deep p e r c o l a t i o n  f o r  t h e  p r e v a i l i n g  
c o n d i t i o n s  ranged f rom 120 - 180 mn per y e a r  w h i l e  t h e  e m p i r i c a l  obse rva t i ons  
ranged a t  300 m on an average. 

F i n a l l y  a change i n  t he  program was made, which caused some problems 
s i n c e  t h e r e  were some d i sc repanc ies  between t h e  program and the  users  manual. 
so t h a t  some o f  t h e  v a r i a b l e s  and equat ions were d i f f i c u l t  t o  l oca te .  However 
t h i s  method seemed t o  be r e q u i r e d  as t h e  hyd ro logy  model has an impor tan t  
i n f l uence  on t h e  f o l l o w i n g  chemical n u t r i e n t  submodel, so t h a t  ' p e r c o l a t i o n '  , 
t h e  i n i t i a l  va lue  f o r  t he  f o l l o w i n g  l e a c h i n g  r e s u l t s ,  had t o  be c a l i b r a t e d  
proper1 y . 

The bes t  r e s u l t s  were achieved by changing t h e  equat ion o f  Eo, t h e  
p o t e n t i a l  evaporat ion, which has major  s i g n i f i c a n c e  i n  t h e  s o i l  water  balance 
model. For  t h e  area i n v e s t i g a t e d  i n  t h i s  s tudy Eo was used as 

POTET (I) = 0.86 . 0 . HO/ (D+GMA) 

i ns tead  o f  

POTET ( I )  = 1.28 . D HO/ (D+GMA) 

used i n  t n e  program. No f u r t h e r  changes proved t o  be necessary. 

Resu l t s  o f  t h e  Hydrology Submodel 

Wi th  t h e  descr ibed change i n  t he  program, t h e  model produced good r e s u l t s .  
The annual course o f  t h e  water  p e r c o l a t i o n  as w e l l  as t h e  annual amount o f  
pe rco la ted  wa te r  i s  r e f l e c t e d  p rope r l y .  For  a t i m e  p e r i o d  from Sept.  1975 t o  
Dec. 1977 t h e  model d e l i v e r e d  a mean p e r c o l a t i o n  of 385.805 mmlyear o r  
1.057 rnn/day f o r  one cropp ing pa t te rn ,  as was observed i n  t h e  Mussum area 
f o r  the same per iod. The model was r u n  tw ice  ove r  an 18-year t i m e  pe r iod  
w i t h  sumner crops from 1960 t o  1974 i n  b o t h  vers ions,  and two d i f f e r e n t  c r o p ~ i n a  
pa t te rns ,  which w i l l  be desc r ibed  l a t e r  i n  t h i s  paper, f o r  the t ime  p e r i o d  
1975 t o  1977. Both vers ions d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  One l e d  t o  a 
p e r c o l a t i o n  of 41 1.318 m / y e a r ,  t he  o t h e r  one t o  a p e r c o l a t i o n  o f  360.292 mn/ 
year  w i t h  an average of 385.805 m / y e a r  f o r  bo th  vers ions from 1975 t o  1977. 



Table  2. Monthly temperature and r a d i a t i o n .  Average va lues f rom 1960 t o  1977. 

Month Temperature i n  OF R a d i a t i o n  i n  l a n g l e y l d a y  

Jan 36.86 48.96 

Feb 41  .OO 118.71 

Mar 44.78 151.91 

A P ~  43.34 351.10 

May 53.60 368.30 
June 59.00 409.86 

J u l y  62.42 383.35 

Aug 61.34 340.12 
Sept 55.22 205.65 

Oct 52.16 129.93 

Nov 43.34 77.15 

Dec 40.28 43.71 

The measured data f o r  t h e  same p e r i o d  showed a mean p e r c o l a t i o n  o f  423 
mnlyear o r  1.158 mn/day, which means an  underes t ima t ion  by  t h e  model o f  8.74%. 
The r e s u l t s  o f  t h e  whole 18-years o f  s i m u l a t i o n s  l e d  t o  an average p e r c o l a t i o n  
o f  294.68 mnlyear,  w h i l e  300 mnlyear a r e  g i ven  as an average p e r c o l a t i o n  f o r  
t h e  experimental  area. The r e s u l t s  o f  t h e  model as we1 1  as t h e  observed da ta  
a r e  presented i n  F iau re  2. The su r face  r u n o f f  was n e g l i g i b l e  i n  t h i s  area, 
which was a l s o  r e f l e c t e d  by t h e  model. 

RESULTS OF THE CHEMICAL NUTRIENT SUBMODEL 

As a l ready  mentioned i n  t h e  i n t r o d u c t i o n ,  t h e  chemical  n u t r i e n t  submodel 
has o n l y  been t e s t e d  fo r  n i t r a t e  l each ing .  No s imu la t i ons  o f  p e s t i c i d e s  losses 
have been done. 

For t h e  chemical n u t r i e n t  submodel Op t ion  I 1  was used. The i n fo rma t ion  
about  t h e  p o i n t s  o f  50% and 84% N-uptake was gained from t h e  I n s t i t u t  f u r  
Pf lanzenbau of t h e  F r ied r i ch -Wi lhe lm-Un ive rs i ta t  i n  Bonn. There was q u i t e  
d e t a i l e d  i n fo rma t ion  a v a i l a b l e  about  f e r t i l i z i n g  i n t e n s i t y ,  da te  of  f e r t i l i z e r  
a p p l i c a t i o n ,  p o t e n t i a l  N-uptake, t ime  o f  p l a n t  emergency and ha rves t i ng ,  
which had been gained by a  survey o f  t h e  Landwirtschaftskamner Borken. 

I n  t h e  Mussum area, as mentioned e a r l i e r ,  measurements o f  t h e  n i t r a t e  
c o n c e n t r a t i o n  o f  groundwater had been made a t  severa l  measuring s t a t i o n s .  

I n  o rde r  t o  compare t h e  r e s u l t s  o f  t h e  model w i t h  t h e  e m p i r i c a l  da ta  o f  
N03-leaching, t h e  obse rva t i ons  o f  two o f  t h e  measuring s t a t i o n s  where 
measurements were made c l o s e  t o  t h e  su r face  o f  t h e  groundwater l a y e r ,  were 
chosen. These obse rva t i ons  seemed t o  r e f l e c t  most p r o p e r l y  t h e  N03-concentrat ion 
o f  t h e  water  pe rco la ted  below t h e  r o o t  zone caused by t h e  a g r i c u l t u r a l  p r a c t i c e  
and t h e  c u l t i v a t e d  crops. A t  measuring s t a t i o n s  where t h e  water  had been taken 



Figure 2. Observed process of percolation under arable land in the Mussum 
area in mnlday. Mean percolation 1.1 58 mn/d ? 423 mn/a 

Simulation of the process of percolation for corresponding 
soil-, climatic- and agricultural conditions by CREAMS 
Mean percolation 1.057 mn/d I 386 mn/a gained from monthly averages 



from deeper seams o f  the groundwater layer ,  the measured N03-concentrations 
d i d  no t  qu i t e  r e f l e c t  the n i t r a t e  leaching from the  above c u l t i v a t e d  crops 
as t he  deeper groundwater was mixed w i t h  water percolated from o ther  f i e l ds .  
Due t o  the groundwater f low i n  the Mussum area t h i s  groundwater was mixed 
w i t h  water percolated mainly from less  in tens ive  grassland on the margins of 
the area, so t h a t  n i t r a t e  concentrat ions o f  t he  deeper groundwater layers  
were lower and more evenly d i s t r i bu ted  over time. 'The two cropping pat terns 
simulated w i t h  the  chemical n u t r i e n t  submodel corresponded t o  the  ones used 
i n  the  hydrology submodel : 

Cropping pa t te rn  I: spinach (3 t imes) 

spr ing  bar ley,  rape, seeding o f  r ye  

rye, fa1 lowing, seeding o f  rye  

rye, seeding o f  w in te r  bar ley  

Cropping pa t t e rn  11: spinach (3 t imes) 

spinach (3 t imes), seeding o f  r ye  

rye, spinach, seeding o f  r ye  

rye, spinach 

The f e r t i l i z a t i o n  was: 

Cropping pa t t e rn  I: 

date: 74070 
amount i n  kg N/ha: 210 

date: 75062 
amount: 7 5 

date: 76066 
amount: 65 

date: 77069 
amount: 65 

Cropping pa t t e rn  11: 

date: 74070 74166 
amount: 200 200 

date: 75060 75150 
amount: 180 180 

date: 76066 76116 
amount: 75 40 

date: 77069 77118 
amount: 85 60 

A f u r t h e r  c a l i b r a t i o n  o f  t h i s  submodel has not been done although the  
c a l i b r a t i o n  o f  the hydrology submodel l e d  t o  a f u r t h e r  underest imation o f  
t h e  N03-concentration per l i t r e  o f  percolated water because of the  non- l inear  



connec t i on  o f  t h e  two submodels. The mean N03-concent ra t ion  o f  t h e  observa- 
t i o n s  t aken  f rom t h e  upper p a r t  o f  t h e  groundwater l a y e r  was 209 mg NO3/l 
f o r  c ropp ing  p a t t e r n  I w i t h  a  maximum o f  380 mg/l.and 214 mg NO3/l f o r  
c ropp ing  p a t t e r n  I 1  w i t h  a  maximum o f  430 mg/ l .  

The r e s u l t s  o f  t h e  CREAMS model a r e  111.465 mg/l w i t h  a  maximum of 
312.72 mg/l f o r  c ropp ing  p a t t e r n  I, and 140.209 mg/l w i t h  a  maximum o f  
451 . I 9 2  mg/l f o r  c ropp ing  p a t t e r n  11. Th i s  d i f f e r e n c e  i n  t h e  mean Concentra- 
t i o n  m i g h t  p o s s i b l y  be caused by t h e  zero  l e a c h i n g  as es t ima ted  by t h e  model, 
wh ich  d i d  n o t  occu r  i n  t h e  e m p i r i c a l  da ta .  Never the less  t h e  r e s u l  t s  can be 
cons ide red  s a t i s f y i n g .  The maximum va lues as w e l l  as t h e  course o f  t h e  
n i t r a t e - c o n c e n t r a t i o n  a r e  r e f l e c t e d  we1 1  by t h e  model. F igu res  3  and 4 show 
tne  observed and s i m u l a t i o n  da ta  o f  t he  NU3-leaching process. F i g u r e  5  
shows t h e  i n f l u e n c e  o f  d i f f e r e n t  f e r t i  1  i z i n g  methods o n  403- leaching. 

NO3 LEACH1 NG FUNCTIONS 

The main  i n t e n t i o n  i n  u s i n g  t h e  CREAMS model was t o  q u a n t i f y  t h e  r e l a t i o n -  
s h i p  between a g r i c u l t u r a l  f e r t i l i z a t i o n  and n i t r a t e  c o n c e n t r a t i o n  o f  t h e  
groundwater, e s p e c i a l l y  f o r  so -ca l l ed  'p rob lem a reas '  w i t h  1  i g h t  s o i l s .  
The re fo re  t h e  model was r u n  f o r  d i f f e r e n t  f e r t i l i z a t i o n  l e v e l s .  Th i s  was 
done f o r  seve ra l  p roducts ,  which were r u n  sepa ra te l y ,  n o t  s i m u l a t i n g  a  
c ropp ing p a t t e r n .  As t h e  es t ima tes  a r e  n o t  y e t  comp le te l y  f i n i s h e d ,  o n l y  t h e  
r e s u l t s  f o r  two products  w i l l  be given: s i l a g e - c o r n  and w i n t e r  b a r l e y .  

The model was r u n  f o r  a  20-year t i m e  p e r i o d  (1960 t o  1979) u s i n g  t h e  
p r e c i p i t a t i o n ,  temperature  and r a d i a t i o n  da ta  se t ,  as w e l l  as t h e  i n p u t  
parameters r e f l e c t i n g  s o i l  c o n d i t i o n s  used f o r  s i m u l a t i n g  t h e  Mussum a rea  
(see Problems i n  A d j u s t i n g  t h e  Model and Tab les  1  and 2 ) .  F o r  t h e  l e a f  area 
index as w e l l  as f o r  t h e  o t h e r  parameters r e f l e c t i n g  p l a n t  growth  (YP, Dm, 
DOM, SD. PU) t h e  average va lues f o r  t h e  p r e v a i l i n g  c l i m a t i c  c o n d i t i o n s  were 
taken. Fo r  f e r t i l i z e r  a p p l i c a t i o n  t h e  customary da tes  were taken  w i t h  two 
a p p l i c a t i o n s  pe r  y e a r  rega rd ing  t h e  p r e c i p i t a t i o n ,  temperature  and r a d i a t i o n  
da ta  a v a i l a b l e .  

The N03-leaching was c a l c u l a t e d  f o r  t h e  f o l l o w i n g  f e r t i l i z a t i o n  l e v e l s :  

The annual r e s u l t s  d i f f e r e d  c o n s i d e r a b l y  acco rd ing  t o  d i f f e r e n c e s  i n  t h e  
c l i m a t i c  c o n d i t i o n s  d u r i n g  t h e  i n v e s t i g a t e d  yea rs .  Wi th  t h e  20 y e a r s '  
average r e s u l t s  o f  N03- leaching i n  mg/l r eg ress ions  were es t ima ted  u s i n g  t h e  
method o f  1  east-squares es t ima to rs .  

The b e s t  e s t i m a t i o n s  were ach ieved by  u s i n g  a  n o n - l i n e a r  f u n c t i o n  o f  t h e  
type: NO3 = a  + b.N + C . N ~  where NO3 = n i t r a t e  c o n c e n t r a t i o n  i n  mg/ l  

p e r c o l a t e d  water  
N = f e r t i l i z e r  a p p l i e d  i n  kg N/ha. 
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Figure 5: Simulations of NO3-leaching to ground-water with the CREAMS-Model 

Monthly averages of a 20 year simulation 

CORN 
---- Fertilizer application 215 kg N/ha (2 times : 161, 54) 

average leaching: 136 mg N03/1 percolated water 

Fertilizer application 215 kg N/ha (3 times : 95. 70, 50) - 
average leaching: 110 mg NO3/) percolated water 

1 360 

/ 

12 

W INTER-BARLEY 
------- Fertilizer application 80 kg/ha (2 times : 50, 30) 

average leaching 42 mg W3/1 percolated water 

Fertilizer application 80 kg/ha (3 times : 40. 20. 20) 

average leaching 36 mg NO3/) percolated water 



The est imated '1 eaching-funct ion' based on data generated by the  
CREAMS model a re  as fo l lows:  

Corn 

NO3 = 8.39 + 0.3666 N + 0.0010608 N' 

R' = 0.991 t = 4.159 t = 3.334 

DW = 1 . 1 9 1  F = 3 8 2 . 4  

Degrees of freedom = 9 

Winter bar ley  

NO3 = 5.31 + 0.3072 N + 0.00173 N 2 

R' = 0.995 t = 3.31 t = 6.075 

DW = 0.998 F = 655.1 

Degrees o f  freedom = 9 

I n  order t o  prove these resu l t s  and f o r  f u r t he r  t e s t i n g  o f  the CREAMS 
model a number o f  pub1 i ca t ions  were considered (Vomel 1970; Ceratzki 1973; 
Ohlendorf 1976; Braun 1978; Obermann and Bundemnn 1978; Strebel and 
Renger 1978; Bundemnn 1979; Sunkel 1979; Hay 1980; Obermann 1981), which 
a lso  show a quan t i f i ab l e  r e l a t i o n  between N - f e r t i l i z a t i o n  and NO3-leaching. 
The data allowed ne i ther  a d i f f e r e n t i a t i o n  i n t o  several products nor a more 
de ta i led  d i f f e r e n t i a t i o n  due t o  c l ima t i c  condi t ions o r  management pract ices, 
bu t  a l l  observations stem from 1 i g h t  sandy t o  moderately 1 i g h t  s i l t y  s o i l s  
w i t h  an annual perco la t ion  o f  200 t o  300 mm. 

The ' leaching- funct ion '  estimated on t h i s  data base confirmed the type 
o f  non- l inear  func t ion  found by using the data base der ived from the CREAM 
model. The func t ion  i s  as fol lows: 

N i t  = 23.59 + 0.3237 N + 0.002202 N~ 

R' = 0.734 t = 1 . 9 0 5  t = 2 . 2 8 0  

DW = 2.081 F = 4 0 . 0 5 9  

Degrees o f  freedom = 29 

A l l  three funct ions show a qu i t e  s im i l a r  progression. Especia l ly  the 
coe f f i c i en t s  o f  the  l i n e a r  term show on l y  l i t t l e  d i f ference,  wh i le  the 
c o e f f i c i e n t  o f  the quadrat ic term as we l l  as the constant term i s  lower i n  
the case o f  both funct ions estimated from CREAMS resu l t s .  Some o f  the r esu l t s  
gained from the  estimated leaching funct ions are presented i n  Table 3. 

The n i t r a t e  concentrat ion leached from w in te r  bar ley  i s  h igher  than t h a t  
from corn i f  h igher  f e r t i l i z e r  rates a re  appl ied, which seems p laus ib le  since 
the po ten t ia l  N-uptake o f  bar ley  i s  lower than t h a t  o f  corn. That the 
leaching func t lon  estimated from observations shows h igher  leaching rates, 
can probably be explained by the f a c t  t h a t  the data a lso  includes products 
which show extremely high N03-leaching rates,  as f o r  example, vegetables. 



Table 3. NO3-leaching i n  mg NO3/l der ived from the estimated leaching 
funct ions.  

F e r t i l i z e r  
Appl i c a t i o n  
i n  kg N/ha 

NO3-leaching i n  mg/l 
Data from Data from CREAMS 
pub l i ca t ions  Corn Winter ba r l ey  

45.28 29.37 24.99 
77.98 55.66 53.33 

121.69 87.25 90.315 
176.41 124.14 135.95 
242.14 166.34 190.24 
318.88 213.84 253.17 
505.39 324.76 404.99 
735.94 456.89 591.41 

Besides, there  are sometimes more than one observat ion f o r  each year, so t h a t  
years showing h igh  N03-leaching concentrat ions might be over-represented. 

A1 together  the r esu l t s  o f  the  est imations achieved on the data base 
gained from the  CREAMS model we l l  r e f l e c t  the r e l a t i onsh ip  between N- 
f e r t i  1 i z a t i o n  and N03-1 eaching according t o  present know1 edge. 

CONCLUSIONS 

I n  conclusion i t  can be said t h a t  the est imations achieved w i th . the  help 
o f  the  CREAMS rode1 are sa t i s fac to ry ,  s ince they produce a p laus ib le  s imulat ion 
o f  N03-leaching f o r  the  area condi t ions described here as corroborated by the  
ava i l ab l e  empir ica l  data t o  date. 

Also., the process o f  perco la t ion  and leaching over t ime i s  we l l  described 
by the  model, a f t e r  some adjustments were done. U n t i l  now the model has no t  
been tested f o r  any other  s o i l  type than the  one described here. F i r s t  
s e n s i t i v i t y  t es t s  show, however, t h a t  both submodels a re  sens i t i ve  t o  changes 
o f  the  i npu t  parameters charac te r i s ing  s o i l  type and hydro logica l  condi t ions 
(RC, FUL, EST, COW, POROS, SIA, CN2 SCS, CHS and UL). With the leaching 
funct ions estimated from CREAMS resu l t s  i t  i s  possib le t o  quan t i f y  the  r e l a t i o n  
between f e r t i l  i z a t i o n  i n t e n s i t y  o f  arable 1 and and n i t r a t e  concentrat ion i n  the 
water percolated below the r oo t  zone. This gives the  i n i t i a l  in format ion 
which i s  necessary to est imate cost-funct ions per  hectare due t o  n i t r a t e  
f e r t i l i z a t i o n  as t he  observed leaching can be valued w i t h  the  costs o f  n i t r a t e  
removal from groundwater. 

However, these leaching funct ions describe the  n i t r a t e  concentrat ion o f  
groundwater on ly  f o r  r e l a t i v e l y  t h i n  and uni formly d i s t r i b u t e d  groundwater 
layers .  The groundwater flow, and there fo re  the problem o f  how the n i t r a t e  
concentrat ion of groundwater changes over t ime and over d is tance f o r  various 
types o f  aqui fers,  i s  not  r e f l ec ted  by t he  CREAMS model. Yet the model i s  
q u i t e  usefu l  f o r  i d e n t i f y i n g  "problem-areas", which might not on l y  be the sandy 
s o i l  area as assumed t o  date. I t also gives fac ts  which could he lp  t o  re -  
examine t he  cur ren t  norm o f  f e r t i l i z e r  use f o r  economic and ecologica l  reasons. 
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INTRODUCTION 

The o b j e c t i v e  o f  the  present work was t o  use the CREAMS model (Knise l ,  
1980) f o r  est imat ing nonpoint p o l l u t i o n  o f  water w i t h  n i t r a t e - n i t r o g e n  
r e l a t e d  t o  agronomic management, as we l l  as t o  ge t  add i t i ona l  data f o r  plan- 
n ing  optimum ra tes  o f  n i t rogen  f e r t i l i z e r s  recomnended by the  f e r t i l i z i n g  
adv isory serv ice.  

The CREAMS model was app l ied  f o r  one representat ive f i e l d  t o  est imate 
changes i n  the content o f  n i t r a t e  i n  the s o i l  p r o f i l e ,  leaching from s o i l  
i n  consequence o f  drainage below the r o o t  zone, and n i t rogen  l o s s  i n  surface 
r u n o f f .  There i s  a  need t o  extend the r e s u l t s  over a  se lected water catch- 
ment area o r  region. The extension o f  s imu la t ion  o f  n i t rogen  losses w i l l  
be made f o r  f i e l d s  w i t h  crop r o t a t i o n  t y p i c a l  f o r  the  reg ion  and app l ied  on 
basic  s o i l  types. 

C l imat i c  and c u l t i v a t i o n  data used i n  the  study are from Chrzastowo 
loca ted  i n  the cen t ra l  p a r t  o f  Poland i n  the Notec r i v e r  v a l l e y .  I n  t h i s  
va l ley ,  extens ive inves t iga t ions  are c a r r i e d  o u t  t o  extend the water economy 
system over  the area o f  an a g r i c u l t u r a l  reg ion  and t o  improve the water 
management p r i n c i p l e s  i n  agr i cu l  ture.  The present work c o n s t i t u t e s  an 
element o f  these inves t iga t ions .  

The Note; r i v e r  v a l l e y  reg ion  i s  character ized by r e l a t i v e l y  low 
p r e c i p i t a t i o n  amounts. The long-term mean annual p r e c i p i t a t i o n  i s  51 6.9 inn. 
Cu l t i va ted  mineral s o i l s  o f  t h i s  reg ion  are character ized by h igh i n f i l  t r a -  
t i o n  ra tes .  Most arable f i e l d s  o f  the reg ion a re  drained, and c u l t i v a t i o n  
has been p rac t i ced  f o r  many years a t  a  h i g h  a g r i c u l t u r a l  l e v e l .  

Among a rab le  mineral s o i l s  o f  the reg ion the  f o l l o w i n g  types p r e v a i l  : 

- loamy sands on l o a m ,  s i l t s  and c lays  - 47.8% 
- loose, deep, weakly loamy sands on loamy sands - 20.7% 
- deep loams o r  l o a m  on s i l t s  o r  c lays - 17.9% 
- loose, weakly loamy sands on l o a m ,  s i l t s  and c lays - 9.6%. 



Present considerat ions are l i m i t e d  t o  l i g h t  s o i l s  on l y  ( loose sands w i t h  
under ly ing loamy sands, i n  t h i s  paper denoted as u n i t a r y  f i e l d  I), w i t h  
assumption o f  average proper t ies o f  these s o i l s  (Table 1). The fo l low ing  
crop r o t a t i o n  i s  o f t e n  appl ied i n  the region under study: sumner bar ley.  
maize f o r  s i lage,  w in te r  rye, potatoes. The s imulat ion was s t a r t ed  i n  1960 
w i t h  sumner bar ley  and f i n i shed  i n  1979 w i t h  potatoes. Some agronomic data 
f o r  these crops under condi t ions o f  the region are quoted i n  Table 2. 

Such an approach t o  the  problem should enable the  determination o f  the  
s ta tus  o f  n i t r a t e  i n  t he  s o i l  and the  leaching f o r  the  f i e l d  w i t h  average 
cha rac te r i s t i c s  as an example o f  f i e l d s  w i t h  l i g h t  s o i l s  i n  the  region under 
considerat ion. For working purposes these averaged features were def ined as 
a un i t a r y  f i e l d ,  s ince the ca l cu l a t i on  r esu l t s  f o r  t h i s  u n i t  can be re fe r red  
to a l l  f i e l d s  w i t h  the same s o i l  type o r  a t  l e a s t  to the f i e l d s  w i t h  approxi- 
mate s o i l  p ro f i l e s .  Forecasts o f  the n i t rogen  leaching from c u l t i v a t e d  s o i l  
o f  the  region could then be based approximately on t h e  sum o f  data f o r  uni -  
t a r y  f i e 1  ds w i t h  corresponding so i  1 types p reva i l i ng  there, mu1 t i p 1  i e d  by 
t h e i r  respect ive area. Output data on the  s ta tus  o f  n i t r a t e  i n  t h e  s o i l  type 
under study and re l a t ed  to the post-vegetat ion period, can be o f  use f o r  plan- 
n ing o f  the  n i t rogen  f e r t i l i z a t i o n  f o r  the  next crop i n  the  r o ta t i on .  

The CREAMS model was app l ied  w i t h  i npu t  data o f  u n i t a r y  f i e l d  I using 
p r e c i p i t a t i o n  data a t  Chrzastowo f o r  the per iod  1960-1979. 

RESULTS 

The annual p r e c i p i t a t i o n  a t  Chrzastom, f luc tua ted  considerably i n  the 
l a s t  Go decades--from 307 t o  729 mn (Table 3). S i x  d ry  years occurred w i t h  
p r e c i p i t a t i o n  below 450 mn and a lso  s i x  wet years occurred when the p rec i p i -  
t a t i o n  amount exceeded 600 mn. The h ighest  p r e c i p i t a t i o n  occurred i n  Ju l y  and 
June; the  lowest occurred i n  the w in te r  months (Table 4). 

Tor ren t ia l  r a i n f a l l s  are r a re  i n  t he  Chrzastowo region. There were 47 
days w i t h  p r e c i p i t a t i o n  over 20 mn and on l y  5 w i t h  m r e  than 40 mn dur ing the 
20-year period. The h ighest  d a i l y  p r e c i p i t a t i o n  amount, 81.6 mn, occurred 
i n  Ju ly  1961. Only sporadic occurrence o f  t o r r e n t i a l  r a i n f a l l  resu l ted  i n  
surface r u n o f f  from t he  1 i g h t  s o i l s  under study. I t  has been ca lcu la ted  
t ha t  i n  the whole 20-year per iod t he  sur face r uno f f  occurred on on l y  s i x  
days, and the t o t a l  r uno f f  i n  the  per iod was 45 mn. The l a rges t  d a i l y  
volume o f  sur face r uno f f  (22 mn) occurred on Ju l y  31. 1961 from the 81 -6  mn o f  
r a i n f a l l .  The topography o f  the region i s  f l a t ,  and therefore, the  i ns i g -  
n i f i c a n t  r uno f f  on t he  l i g h t  s o i l s  r esu l t s  i n  no eros ion problem. A t o t a l  
o f  1.70 tons per  hectare o f  s o i l  l oss  was computed f o r  t h e  20-year period. 
Even i f  the l and  slope had been 15% there would n o t  have been much s o i l  loss.  

The water drainage below the  r o o t  zone o f  the  p lan ts  c u l t i v a t e d  aeneral ly  
occurred i n  t he  autumn and w in te r  mnths ,  and m s t  o f  t h e  n i t r a t e  leaching 
from s o i l  a lso  occurred then (Table 4). There were 93 months i n  which the  
d r a i ~ g e  occurred dur ing the whole 20-year period. The drainage occurred 
q u i t e  r a r e l y  i n  the  sumner months, bu t  i n  case o f  i t s  occurrence i n  May, 
June o r  July.large amounts o f  n i t r a t e  were leached s ince f e r t i l i z e r  was 
app l ied  i n  the spring. The leaching was propor t ional  t o  t he  m u n t  o f  mineral 
n i t rogen  f e r t i l i z e r s  not  u t i l  i r e d  by plants. The ca lcu la ted  1 inear  cor re la -  
t i o n  c o e f f i c i e n t  between the drainage volume i n  a month and the amount o f  
n i t r a t e  leached a t  t h a t  time wac 0.574 and was s i g n i f i c a n t  a t  p = 0.001. 



Table 1. S o i l  parameters 

E f f e c t i v e  sa tu ra ted  c o n d u c t i v i t y  o f  t he  s o i  1  

F r a c t i o n  o f  pore space f i l l e d  a t  f i e l d  c a p a c i t y  

S o i l  evaporat ion parameter 

S o i l  p o r o s i t y  

I m b i l e  s o i l  water  con ten t  a t  15 bars t e n s i o n  

I n i t i a l  a b s t r a c t i o n  c o e f f i c i e n t  f o r  SCS Curve 
Nunber method 

Two c o n d i t i o n s  SCS Curve Nunber 

Channel s lope  

Bulk  d e n s i t y  

Organic m a t t e r  con ten t  

F ie1 d  c a p a c i t y  

The con ten t  o f  p a r t i c l e s  w i t h  diameter 0.02 mn 

The con ten t  o f  p a r t i c l e s  w i t h  diameter ~ 0 . 0 0 2  m 

0.2 

78 f o r  pota toes 
69 f o r  b a r l e y  
72 f o r  maize 
67 f o r  r y e  

3% 

1.61 g/cm 3 

1  . l o% o f  s o i  1 mass 
3 3 0.25 cm /cm 

12.0%% o f  s o i l  mass 

4.8% o f  s o i l  mass 

Table 2. N u t r i e n t  parameters 

Maximum depth o f  t h e  m o t  zone (mn) 
P o t e n t i a l  y i e l  d  (kg/ha) 

Dry m a t t e r  y i e l d  r a t i o  

Mid p o i n t  i n  n i t r o g e n  uptake c y c l e  
- DOM (days) 

Standard d e v i a t i o n  o f  WM f days) 

P o t e n t i a l  n i t r o g e n  uptake (kg/ha) 

To ta l  n i  t m g e n  appl i e d  ( k g l h a l y e a r )  

Number o f  n i  t m g e n  appl i c a t i o n s  

Date o f  p l a n t  emergence 

Date o f  p l a n t  h a r v e s t i n g  

Bar ley  Maize Rye Potatoes 

5  5  

12 

90 

90 

2  

25 I 1 1  

10 V I I I  

67 

18 

85 

100 

2  

15 I 1 1  

2  V I I I  



Table 3. Output data: annual t o t a l s  

Year Prec ip i -  Drainage N u d e r  o f  N i t r a t e  D e n i t r i -  Calcu lated Uptake o f  
t a t i o n  months leached f i c a t i o n  concentra- Ni t rogen 

when t i o n  o f  by p lan ts  
dra i nage n i t r a t e  i n  
occurred drainage 

m mn kg N/ha kg N/ha mg N/dm3 kg N/ha 

1960 536.2 81 .5 5 10.8 23.3 1.33 71 .1 

1961 696.0 131.3 9 23.3 44.8 1.77 121 - 9  

1962 540.8 71.4 3 5.9 12.3 0.83 85.0 

1963 518.7 137.7 6 37.7 71.5 2.74 48.4 

1964 408.7 53.3 4 12.9 34.8 2.31 43.3 

1965 559.4 102.6 5 17.0 33.2 1.66 72 .O 

1966 559.8 130.3 6 53.6 75.3 4.11 48.1 

1967 718.5 162.8 6 23.6 55.3 1.45 43.2 

1968 501.4 99.8 4 15.3 31.4 1.54 44.9 

1969 307.4 16.5 2 2.3 8.4 1.41 39.7 

1970 680.9 168.1 7 69.5 109.8 4.13 77.7 

1971 374.4 7.1 1 0.7 1.5 0.98 54.4 

1972 449.6 0 0 0 0 - 95.0 

1973 638.8 177.5 6 75.3 93.4 4.24 107.4 

1974 729.1 283.2 7 29.7 50.4 1 - 0 5  55.3 

1975 363.8 23.4 3 8.3 12.9 3.57 48.3 

1976 459.2 109.5 4 33.4 89.3 3.05 34.1 

1977 697.6 175.8 6 33.7 39.7 1.92 97.4 

1978 549.9 144.5 5 33.0 69.5 2.28 42.0 

1979 426.6 71.9 4 13.0 30.6 1.81 53.9 

However, t h e  value o f  t h i s  c o e f f i c i e n t  proves t h a t  the drainage volume would 
not  be a good index o f  n i t r a t e  leaching. The s o i l  temperatures o f  January 
and February are i n  t h a t  reg ion usua l l y  below O°C, and i n  these months no 
drainage and leaching o f  n i t r a t e  should be expected. The drainage and losses 
o f  n i t r a t e  ca lcu la ted  f o r  January-February should n o t  be considered accurate 
occurrences. During the p e r i o d  o f  i nves t iga t ion ,  the drainage i n  these two 
months averaged about 30% o f  the  annual drainage, and mean leaching o f  n i t r a t e  
was about 25% o f  the annual leaching. Most n i t r a t e  leaching occurred when 
d ry  years were fo l lowed by years w i t h  heavy p r e c i p i t a t i o n ,  as i n  1970 and 
1973, bu t  t h i s  r e l a t i o n s h i p  was n o t  t r u e  f o r  1977. I n  d r y  years, 1 i t t l e  
d e n i t r i f i c a t i o n  occurs, and uptake by crop i s  n o t  as g r e a t  as i n  wet years. 
This r e s u l t s  i n  h igher  s o i l  n i t r a t e  l e v e l s  when heavy r a i n f a l l  occurs i n  the 
f o l l o w i n g  year .  



Table  4. Output  data :  month ly  mean va lues 

Month P r e c i p i t a t i o n  Drainage Number o f  N i t r a t e  D e n i t r i -  C a l c u l a t e d  
months leached f i  c a t i o n  concent ra-  
when t i o n  o f  
d ra inage n i t r a t e  i n  
occu r red  dra inage 

mil mil kg  N/ha mg N/ha mg ~ / d m 3  

V I I  80.7 3.7 3  1.62 2.40 4.58 

V I I I  50.5 0.15 1  0.05 0.64 3.08 

I X 47.5 0.7 2  0.42 1.85 6.41 

X 47.1 7.8 4  1.78 3.30 4.1 0  

XI  48.4 16.2 11 3.99 8.34 2.72 

X I1  35.8 25.7 17 4.25 8.60 2.25 

Output data  conce rn ing  dra inage and l e a c h i n g  o f  n i t r a t e  i n  subsequent 
months were used f o r  t he  c a l c u l a t i o n  o f  presumed c o n c e n t r a t i o n  o f  n i t r a t e  
i n  t h e  p e r c o l a t ' o n .  The c a l c u l a t e d  average c o n c e n t r a t i o n  was always l o w e r  j t han  10 mg N/dm and l a y  g e n e r a l l y  between 0.15 - 7.55 mg ~/drn3 (Tab les  
3-4).  There was no d e f i n e a b l e  r e l a t i o n s h i p  between t h e  annual p r e c i p i t a t i o n  
and c a l c u l a t e d  d ischarge-weighted n i t r a t e  c o n c e n t r a t i o n  i n  t h e  p e r c o l a t i o n  
(Tab le  3 ) .  However, t h e  c o n c e n t r a t i o n  was always h i g h e r  i n  t h e  s p r i n g  and 
summer months than i n  t h e  autumn and w i n t e r .  

D e n i t r i f i c a t i o n  occurs  when s o i l  wa te r  c o n t e n t  i s  g r e a t e r  t han  f i e l d  
capac i t y .  S i m i l a r  to t h e  l e a c h i n g  o f  n i t r a t e ,  deni  t r i f i c a t i o n  o c c u r r e d  i n  
the  autumn and w i n t e r  months (Tab le  4 ) .  The n i t r o g e n  l o s s e s  due t o  d e n i t r i -  
f i c a t i o n  were l ow  i n  d r y  yea rs ,  b u t  t h e  annual l osses  were n o t  always d i r e c t l y  
r e l a t e d  t o  t h e  annual p r e c i p i t a t i o n  amount (Tab le  3 ) .  The c a l c u l a t e d  l i n e a r  
c o r r e l a t i o n  c o e f f i c i e n t  between t h e  p e r c o l a t i o n  volume i n  a  month and t h e  
n i t r o g e n  l osses  due t o  d e n i t r i f i c a t i o n  was 0.400. 'This c o e f f i c i e n t  i s  s i g -  
n i f i c a n t  a t  p  = 0.01, b u t  t h e  l i n e a r  r e l a t i o n s h i p  i s  n o t  good. N i t r o g e n  
l o s s e s  from s o i l  due t o  d e n i t r i f i c a t l o n  were always h i g h e r  t han  l osses  due 
to l e a c h i n g  o f  n i t r a t e .  The c a l c u l a t e d  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  
between t h e  amount o f  leached n i t r a t e  i n  a  month and t h e  n i t r o g e n  l osses  
due t o  d e n i t r i f i c a t i o n  was 0.815 and was s i g n i f i c a n t  a t  p  = 0.001. The h i g h  
degree o f  c o r r e l a t i o n  e x i s t s  because b o t h  processes occu r  when s o i l  wa te r  
con ten t  exceeds f i e 1  d  c a p a c i t y .  



Considerable amounts of n i t r a t e  remained i n  the  s o i l  a f t e r  the growing 
season i n  the years w i t h  low o r  average p r e c i p i t a t i o n s  which do n o t  lead t o  
an excessive moisture content i n  t h e  s o i l  (Table 5 ) .  These o f t e n  h igh re -  
serves o f  n i t r a t e  cannot i n  a l l  cases be u t i l i z e d  by the  fo l low ing  crop, as 
i n  the  autumn-winter season when the  leaching and d e n i t r i f i c a t i o n  processes 
lead t o  considerable losses o f  n i t r a t e .  Nonetheless, the re  are years i n  which 
over 30 kg o f  n i t r a t e - n i t r o g e n  per hectare remain f o r  t h e  subsequent crops. 

DISCUSSION 

The ca lcu la ted  leaching o f  n i t r a t e  below the  p lan t .  r o o t  zone, averaged 
about 25 kg N per  hectare a year. This c o n s t i t u t e s  a t h r e a t  t o  the  p u r i t y  o f  water 
and i s  o f  importance f o r  economizing f e r t i  1 i z e r .  However, s o m  shortcomi ngs 
i n  the es t imat ion  i n  view o f  d i f f e r e n t  cond i t i ons  between t h e  USA and c e n t r a l  
Europe cannot be excluded. I t  seems t h a t  the y i e l d s  ca lcu la ted  on the  bas is  
o f  the n i t rogen  uptake by p lan ts  i s  lower than observed y i e l d s ,  and t h i s  
would r e s u l t  i n  d i f fe rences  i n  the o v e r a l l  n i t rogen  balance. Another problem 
r e s u l t s  from t h e  f a c t  t h a t  the s o i l  sur face i n  the reg ion  i s  u s u a l l y  f rozen 
i n  January and February. This i s  n o t  considered i n  t h e  model. The s o i l  
f reez ing  1 i m i  t s  the water perco la t ion  and the d e n i t r i f i c a t i o n  process. A 
p a r t  o f  snowml t i n f i l  t r a t e s  i n t o  the  s o i l ,  and more perco la t ion  and leaching 
o f  n i t r a t e  occur i n  March than i s  ca lcu la ted  by the  model. 

The ranges o f  t h e  ca lcu la ted  average concentrat ion o f  n i t r a t e  i n  drainage 
water were conf irmed by the r e s u l t s  o f  measurements o f  t h i s  concentrat ion i n  
water from the drainage network o f  the  reg ion  under study. Also, the  ranges 
o f  the  c a l c u l a t e d  concentrat ion o f  n i t r a t e  i n  s o i l  a f t e r  the  growing season 
corresponded w i t h  those encountered i n  s o i l s  o f  t h e  reg ion.  These s i m i l a r i -  
t i e s  i n  the  ranges o f  ca lcu la ted  and observed concentrat ion o f  n i t r a t e  i n  
s o i l  suggest t h a t  the output  data o f  the  model can be usefu l  f o r  fo recas t ing  
the  water p o l l u t i o n  and the n i t rogen  balance i n  s o i l .  I t seems a l s o  t h a t  
the methodica l ly  and t e c h n i c a l l y  simp1 e s t  way o f  v e r i f i c a t i o n  o f  t h e  re1 i- 
a b i l i t y  o f  ou tpu t  data o f  the model would be the measurement o f  t h e  content  
of n i t r a t e s  i n  s o i l  a f t e r  and before the growing season. 

The s imulat ions as described above were c a r r i e d  o u t  on too small a scale 
f o r  t h e i r  re ference t o  l a r g e r  areas o f  arable s o i l s .  Supplemental data 
should consider d i f f e r e n t  f e r t i l i z a t i o n  ra tes  and dates, and c u l t i v a t i o n  
dates as we l l  as d i f f e r e n t  physical p roper t ies  of the  s o i l  type considered 
would be necessary. This would requ i re  c a r r v i n g  o u t  a d d i t i o n a l  s imulat ions.  
Only the  average values f o r  d i f f e r e n t  ou tpu t  data can be used f o r  extending 
forecasts  o f  the processes o f  i n t e r e s t  over wider areas. 

SUMMARY 

The CREAMS model was used f o r  c a l c u l a t i o n  o f  the amount o f  leached n i t r a t e  
below the p l a n t  r o o t  zone and o f  the  n i t rogen  balance i n  l i g h t  s o i l  w i t h  
average physical p roper t ies  occur r ing  i n  the  Notec r i v e r  va l ley .  The i n p u t  
data were c l i m a t i c  and c u l t i v a t i o n  cond i t i ons  i n  the l o c a l i t y  o f  Chrzastowo 
s i t u a t e d  i n  c e n t r a l  Poland, i.e.. the Notec r i v e r  va l ley .  The s imulat ion was per- 
formed w i t h  the p r e c i p i t a t i o n  data f o r  t h e  p e r i o d  1960-1979. The ca lcu la ted  
n i t r a t e  leaching averaged about 25 kg N per hectare per year, which cons t i -  
t u t e s  a t h r e a t  f o r  the water q u a l i t y  and f e r t i l i z e r  economy. Higher n i t r o g e n  



Table 5. The c o n t e n t  of n i t r a t e  i n  t h e  r o o t  zone ( kg  N/ha) 

Year A t  t he  end of  A t  t h e  end o f  The c o n t e n t  o f  n i t r a t e  Crops 
October February a t  t h e  end o f  February  

i n  p e r c e n t  o f  t h i s  con- 
t e n t  a t  t h e  end o f  
October p rev ious  yea r  

b a r l  ey 

maize 

r y e  
pota toes 

b a r l  ey  

ma i ze 

r y e  
po ta toes  

b a r l e y  

maize 

r y e  
pota toes 

b a r l  ey  

maize 

r y e  
pota toes 

b a r l  ey  

maize 

r y e  
po ta toes  

l osses  f rom s o i l  were due t o  t h e  d e n i t r i f i c a t i o n  process.  The l a r g e s t  amounts 
o f  n i t r a t e  leached and p e r c o l a t i o n  occu r red  i n  t h e  autumn-winter rmnths .  I t 
seems t h a t  t he  most f e a s i b l e  method o f  v e r i f i c a t i o n  o f  t he  r e l i a b i l i t y  o f  
rmdel o u t p u t  would be t h e  measurement o f  t h e  con ten t  o f  n i t r a t e  i n  s o i l  a f t e r  
and b e f o r e  t h e  growing season. 
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INTRODUCTION 

Water management problems o f  Sweden a r e  p r i m a r i l y  problems o f  water  
q u a l i t y  (Andersson e t  a l . .  1979). The ma jo r  types o f  p o l l u t i o n  Swedish 
a u t h o r i t i e s  have t o  contend w i t h  i n c l u d e  waste wa te r  d i scha rge  f rom p o i n t  
sources i n t o  wa te r  bod ies ,  l e a c h i n g  o f  p o i n t  source waste  d i sposa l  i n t o  
groundwater,  and nonpo in t  source p o l l u t i o n  o f  s u r f a c e  and groundwater b y  
a c i d i f i c a t i o n  and n u t r i e n t  l each ing .  D u r i n g  t h e  1960s and e a r l y  1970s, 
env i ronmenta l  concerns were d i r e c t e d  p r i m a r i l y  towards t h e  p o i n t  source 
p o l l u t i o n  o f  s u r f a c e  waters .  The Environmental  P r o t e c t i o n  A c t  o f  1969 was 
e s p e c i a l l y  i m p o r t a n t  i n  combat ing t h e  waste wa te r  d i scha rge  p o l l u t i o n  
(Andersson e t  a l . .  1979).  Also, t h e  r i s k  f o r  p o l l u t i o n  from a c c i d e n t a l  
s p i l l s  has been reduced cons ide rab l y  by t h e  adop t i on  of v e r y  s t r i c t  r u l e s  
conce rn ing  t h e  hand1 i n g  o f  hazardous m a t e r i a l s  ( M i l  jddatandmnden, 1981 ) .  

The env i ronmenta l  concerns e x h i b i t e d  d u r i n g  t h e  l a s t  5 to 10 yea rs  have 
gradua l  l y  changed f rom the  e a s i l y  d e t e c t a b l e  p o l l u t i o n  sources a f f e c t i n g  
s u r f a c e  w a t e r  to the  o f t e n  more severe, d i f f u s e  sources a f f e c t i n g  s u r f a c e  
and groundwater.  Today, a c i d i f i c a t i o n  o f  1 akes, streams, and groundwater 
i s  regarded as a s e r i o u s  t h r e a t  t o  t h e  environment.  The problem i s  we1 1 
documented and i n t e n s i v e l y  d iscussed a t  t he  m i n i s t e r i a l  l e v e l  such as a t  
t h e  Stockholm Conference i n  1982 (Swedish M i n i s t r y  o f  A g r i c u l t u r e ,  1982). 
The second nonpo in t  source p o l  1 u t i o n  problem, p r e s e n t l y  b e i n g  b rouqh t  t o  
general  a t t e n t i o n ,  i s  t h e  n u t r i e n t  leach ing,  p r i m a r i l y -  f r o m  a g r i c u i t u r a l  
lands (SNV, 1979).  

The n u t r i e n t  l e a c h i n g  prob lem i s ,  i n  genera l .  one o f  l a n d  use, and t h e  
e f f e c t s  r e l a t e d  t o  the  s o i l  and wa te r  i n t e r a c t i o n s .  Both  o f  these aspects  
a re  cons ide red  i n  t h e  CREAMS f i e l d - s c a l e  model f o r  e v a l u a t i n g  nonpo in t  source 
p o l l u t i o n .  Th is  paper  desc r i bes  a f i r s t  a t t emp t  t o  a p p l y  t h e  CREAMS model 
t o  Swedish c o n d i t i o n s  i n  e v a l u a t i n g  t h e  e f f e c t s  o f  d i f f e r e n t  a g r i c u l t u r a l  
management p r a c t i c e s .  

*The au tho r  g r a t e f u l l y  acknowledges t h e  ma jo r  c o n t r i b u t i o n s  to the  work r e p o r t e d  
i n  t h i s  paper by Drs. Genady Golubev and I g o r  Shvytov o f  t h e  Environmental  
Problems o f  A g r i c u l t u r e  Task a t  IIASA. However, t h e  au tho r  takes s o l e  respon- 
S l b l l  i ty f o r  t he  t e x t .  
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NUTRIENT LEACHING PROBLEMS 

The problem o f  n u t r i e n t  leaching i s  a pr imary concern today i n  the 
Swedish environmental discussions. Although f u l l  understanding o f  the 
problems o f  eu t roph ica t ion  o f  the lakes i n  Southern Sweden has no t  y e t  been 
reached, i t  seems reasonable t o  be1 ieve t h a t  n u t r i e n t  leaching i s  a main 
cause. Eutrophicat ion i s  o served e s p e c i a l l y  i n  areas w i t h  extens've a g r i c u l -  
ture,  as f o r  example, i n  Sk !I ne. The two major lakes i n  Yestern Skine, 
Vombsjdn, and Ringsjdn, are extremely eutrophic,with heavy a l q a l  growth each 
summer. This causes severe operat ing problems f o r  the two water works which 
withdraw water from the lakes t o  supply the met ropo l i tan  areas along the 
coast (F igure 1). Also, the  lakes are o f  g rea t  importance f o r  outdoor 
rec rea t ion  i n  the reg ion as a1 te rna t i ves  t o  the over-populated coasta l  shores. 
The a t t r a c t i v e  features o f  the  lakes a re  considerably reduced however, by 
the a l g a l  growth, which causes problems t o  swimners, fishermen, and weekend- 
house users. 

The lakes are n o t  the o n l y  water bodies a f fec ted  by eu t roph ica t ion .  I n  
recent  Years, the  a lga l  growth ~ r o b l m  has been observed i n  the near-shore 
coastal areas. Again, i t  i s  argued t h a t  n u t r i e n t  leachate i s  t ranspor ted 
by the r i v e r s  t o  the sea. The main source probably i s  the  a g r i c u l t u r a l  
f i e l d s  i n  the  watersheds. 

Perhaps an even more serious problem i s  the r e c e n t l y  observed h igh con- 
cen t ra t ions  o f  n i t r a t e  i n  d r i n k i n g  water from groundwater we l l s .  These 
observat ions are mainly i n  p r i v a t e  w e l l s  i n  a g r i c u l t u r a l  regions such as i n  
~ k a n e  where concentrat ions as h igh as 1,000 mg NO3/l have been reported. 
The Swedish standards f o r  n i t r a t e  i n  d r i n k i n g  water are e s s e n t i a l l y  those 
o f  the WHO: water w i t h  concentrat ions exceeding 50 mg/l o f  NO3 should n o t  
be given t o  i n f a n t s  and water w i t h  concentrat ions exceeding 100 mg/l o f  
n i t r a t e  should n o t  be used a t  a l l  f o r  d r i n k i n g  purposes. 

A1 though the  reason f o r  h igh  concentrat ions i n  p r i v a t e  w e l l s  o f t e n  i s  
the d i r e c t  i n f l o w  o f  drainage water i n t o  w e l l s  dug, the n i t r a t e  problem i s  
more general. 

Nater  q u a l i t y  s t a t i s t i c s  publ ished by the  Swedish Water and Sewage 
Works Associat ion on municipal water  sources show inc reas ing  n i t r a t e  con- 
cen t ra t ions  i n  several regions, a l l  o f  which are character ized as a g r i c  1- 
t u r a l  . Among these are the counties o f  K r i s t i a n s t a d  and Maldhus i n  Sklne. 
I n  general, the  municipal systems have n o t  reached the to lerance l i m i t s  f o r  
n i t r a t e  concentrat ions, b u t  the t rend  i s  obvious. 

Two cases i n  the ~ k 8 n e  region where municipal groundwater we1 1s have 
been abandoned should be mentioned. The f i r s t  concerns the water supply 
source o f  Veberod, a small v i l l a g e  i n  the Kzvl inge R iver  Basin. Due t o  h igh 
concentrat ions o f  n i t r a t e  i n  the groundwater, the  l o c a l  supply system was 
connected t o  the reg ional  Vomb system i n  1977 ( H j o r t h  e t  1.. 1979). On a 
l a r g e r  scale, the m u n i c i p a l i t y  o f  Hdgands i n  Northwest Sklne had t o  stop 
groundwater use f o r  almost h a l f  o f  the m u n i c i p a l i t y  i n  1980 and connect t h a t  
p a r t  to the regional  Ringsjd system because n i t r a t e  concentrat ions averaged 
about 60 mg NO3/l (B je l  m e t  a1 . , 1980). 

There seems t o  be no d i r e c t  and easy method today t o  so lve the n i t r a t e  
problem. I n  a shor t - term perspect ive, there a re  e s s e n t i a l l y  three a l te rna-  
t i v e s :  



Figure 1. ~ k 8 n e ,  Sweden 



i )  water treatment w i t h  an i o n  exchange system; 

i i )  m i x i n g w i t h l e s s p o l l u t e d w a t e r ;  

ii i ) move to  new water supply sources. 

The f i r s t  a1 t e r n a t i v e  i s  expensive and d i f f i c u l  t t o  operate. The o ther  two 
a1 te rna t i ves  are a lso expensive and may n o t  be long-term so lu t ions  if the 
t rend  continues w i t h  increasing n i t r a t e  concentrat ions. Therefore, the 
i n t e r e s t s  f o r  long-term measures i s  obvious, and changes i n  a g r i c u l t u r a l  
management pract ices,  i f  they are the cause, a re  necessary and are t o  be 
recomnended. 

CREAMS MODEL APPLICATION 

I n  view of the n i t r a t e  problems i n  groundwater and the d i f f i c u l t i e s  o f  
overcoming the problems w i t h  short- term measures, the re  i s  considerable 
i n t e r e s t  i n  examining long-term measures. I f  management o f  a g r i c u l t u r a l  
land i s  the p r i n c i p l e  source o f  n i t r a t e  leaching, as i s  bel ieved, then 
changing a g r i c u l t u r a l  management p rac t i ces  must be considered. I n t e r e s t  i s  
r a p i d l y  developing w i t h i n  the Swedish M i n i s t r y  o f  A g r i c u l t u r e  through the 
National Environmental P ro tec t ion  Board and i t s  research program "Environ- 
mental Consequences o f  Management Pract ices i n  A g r i c u l t u r e  and Forest ry- -  
Leaching o f  Crop Nut r ien ts "  which began i n  1979. This program contains, 
amng others, s tud ies o f  n i t rogen  leaching from d i f f e r e n t  s o i l s  under d i f -  
f e r e n t  cropping systems based on t e s t  observat ions. 

I n  a j o i n t  study between the  IIASA Tasks, Environmental Problems o f  
A g r i c u l t u r e  and Regional Water Managemen , i t  was decided t o  t e s t  the CREAMS 
model on cond i t i ons  representat ive o f  Sk 4 ne and e s p e c i a l l y  the K lv l i nge  
River Basin which w s cen t ra l  t o  the  Resources and Environment Area's case 
study o f  Western Sk 1 ne, Sweden. 

A la rge  p a r t  o f  the K l v l i n g e  River  Basin has sandy s o i l s  s u i t a b l e  f o r  
growing potatoes, a s i t u a t i o n  which i s  regarded as p o t e n t i a l l y  most severe 
w i t h  respect  t o  n i t r a t e  leaching. The IIASA study i s  t i m e l y  and an i n t e r e s t -  
i n g  complement from the  perspect ive o f  Swedish research on n u t r i e n t  leaching. 

A g r i c u l t u r a l  s t a t i s t i c s  f o r  the reg ion show t h a t  wheat i s ,  by f a r ,  the 
most common crop. I t was decided, therefore, t o  compare a s i t u a t i o n  o f  
wheat on c lay  s o i l  w i t h  t h a t  o f  potatoes on a sandy s o i l .  I n  accordance 
w i t h  the  s t r u c t u r e  o f  the ~ k 8 n e  case study emphasizing the problems o f  i r r i g a -  
t i on ,  i t  was decided a lso  t o  evaluate t h e  leaching c h a r a c t e r i s t i c s  o f  non- 
i r r i g a t i o n  and i r r i g a t i o n  f o r  each o f  t h e  two crops. Thus, two d i f f e r e n t  
management p rac t i ces  on two s o i l  types were tested, a l l  w i t h  normal f e r t i -  
1 i zer appl i c a t i o n :  

i ) potatoes on sandy s o i l  w i t h  r a i n f a l l  only; 

ii ) potatoes on sandy s o i l  w i t h  supplementary i r r i g a t i o n ;  

i i i )  wheat on c lay  s o i l  w i t h  r a i n f a l l  only; 

i v )  wheat on c lay  s o i l  w i t h  supplementary i r r i g a t i o n .  



A1 though the  CREAMS model was developed t o  evaluate d i f f e r e n t  management 
p rac t i ces  on a f i e l d  l e v e l ,  i t  i s  used here fo r  a  reg ional  management problem 
t o  evaluate the  d i f f e r  nces i n  n i t r a t e  leaching between management a l te rna-  i t i v e s  common i n  the Sk ne region. Therefore, watershed, ~ o i 1  , and cropping 
i n f o n a t i o n  are general ized, b u t  they are re levan t  fo r  Sk ne condi t ions.  

The c l  ima t i c  i n p u t  f o r  t h e  CREAMS model cons is ts  o f  recorded, i .e., as 
representat ive as possible, f o r  the Kavl inge River  Basin. D a i l y  p r e c i p i t a -  
t i o n  from Vonh, monthly mean temperatures from Lund, and monthly m a n  radia-  
t i o n  from Svalbv (F igure l ) were used i n  the  case study. F igure 2 shows the 
monthly t o t a l s  o f  p r e c i p i t a t i o n  and i r r i g a t i o n  f o r  t h e  two-year s imu la t ion  
period, 1976-1977, and the mean monthly temperature and r a d i a t i o n  f o r  the 
period. The n i t r o g e n  content o f  r a i n f a l l ,  2  ppm, corresponds we l l  w i t h  
measurements made along the west coast of Sweden. 

A 10 ha. area was considered to be representat ive o f  a  f i e l d  i n  the 
K l v l i n g e  River  Basin. Since the model a p p l i c a t i o n  i s  made f o r  the general- 
i z e d  s i t u a t i o n ,  a  un i form slope was assumed w i t h  an average o f  0.03 m/m. 

So i l  data were taken from s o i l  c h a r a c t e r i s t i c s  pub1 ished by the Swedish 
U n i v e r s i t y  o f  Agri  cu l  t u r a l  Sciences (Andersson and W i  k l  e r t .  1972) . The 
t e x t u r a l  composition f o r  sandy s o i l s  and c l a y  s o i l s  represen ta t i ve  f o r  ~ k h e  
i s  shown i n  Table 1.  On the basis o f  s o i l  composition, such parameters as 
s o i l  p o r o s i t y  and saturated hydrau l i c  c o n d u c t i v i t y  were ca lcu la ted .  F i e l d  
capaci ty  and p lan t -ava i lab le  water capaci ty  f o r  each s o i l  t ype  a r e  a lso  
shown i n  Table 1 . 

Crop data and farming operat ion in fo rmat ion  were obta ined i n  discussions 
w i t h  representat ives o f  the U n i v e r s i t y  o f  A g r i c u l t u r a l  Sciences. The i n f o r -  
mation i nc l  udes p l a n t i n g  and harvest ing dates, optimum y i e l d s  f o r  potatoes 
and wheat, f e r t i l i z e r  a p p l i c a t i o n  dates and rates,  and t i 1  lage dates. Se- 
l e c t e d  in fo rmat ion  i s  given i n  F igure 3. Potatoes a r e  p lanted about May 1 
and 140 kg  N/ha i s  app l ied  on t h a t  date. Harvest ing i s  done about September 
20 w i t h  plowing under the potato vines about October 1. Incorporat ion o f  
the crop res idue i s  assumed t o  r e t u r n  about 20 kg/ha o f  p o t e n t i a l l y  
m inera l i zab le  n i t rogen,  w i t h  an a d d i t i o  o f  20 kg N/ha i n  manure on November 
1 .  Spring wheat i s  grown i n  Western SkHne. Wheat i s  p lanted about A p r i l  
20 and about 70 kg N/ha i s  app l ied  a t  p l a n t i n g  time. Wheat i s  harvested 
about August 10 and the straw i s  plowed i n t o  the  s o i l  on October 1.  The 
crop res idue (s t raw and r o o t s )  i s  est imated to con ta in  20 kg/ha o f  poten- 
t i a l l y  mineral i z a b l e  n i t rogen.  The CREAMS model was app l ied  f o r  a  c o n t i -  
nuous crop system, t h a t  i s ,  potatoes on sandy so i l ,  bo th  years o f  s imulat ion,  
and wheat on c l a y  so i l s ,  both years o f  s imulat ion.  

I r r i g a t i o n  amounts and a p p l i c a t i o n  dates were der ived from a " r u l e - o f -  
thumb" f o r  supplementary i r r i g a t i o n  comnonly p rac t i ced  i n  Sweden. The r u l e  
i s  based on in format ion about crop water needs, s u i t a b l e  a p p l i c a t i o n  ra tes  
f o r  the  s o i l  type, and r a i n f a l l  preceding appl i c a t i o n  dates (Ar thur ,  1980). 

DISCUSSION OF SIMULATION RESULTS 

A f t e r  the f i r s t  s imu la t ion  t e s t  of the hydrology component o f  the  model, 
i t  was decided to omi t  the eros ion component from the study. The reason i s  
t h a t  c l i m a t i c  and s o i l  condi t ions a re  such t h a t  o n l y  a n e g l i g i b l e  amount o f  
sur face runoff  occurs. Moreover, s ince the  study concerns n i t r a t e  leaching 
w i t h  percolat ion,  the n u t r i e n t  t ranspor t  connected w i t h  negl i g i  b l e  eros ion 
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Table 1  . S o i l  compos i t ion  and w a t e r - r e t e n t i o n  c h a r a c t e r i s t i c s  

S o i l  S o i l  Composi t ion Wa te r - re ten t i on  C h a r a c t e r i s t i c s  
TY pe 

Sand S i l t  Clay F ie1  d Capac i ty  P l a n t - a v a i l a b l e  Water 

( - - - - - -  Percent------- - )  (------------ Percent  Volume----------- 1 

Sand 82 15 3  18  10 

Clay 38 3  2  30 36 14 

and sediment y i e l d  i s  o f  m ino r  i n t e r e s t .  The p e s t i c i d e  component o f  t h e  
model i s  n o t  r e l e v a n t  i n  t h e  p resen t  s tudy.  Thus, t h e  s i m u l a t i o n  s tudy f o r  
t h e  two-year per iod .  1976-1977, i n c l u d e d  o n l y  t h e  appl  i c a t i o n  o f  t h e  hyd ro logy  
and n u t r i e n t  components o f  t h e  model. 

The s i m u l a t i o n  r e s u l t s  a re  surmnarized i n  Tab le  2, wh ich  shows y e a r l y  
t o t a l s  o f  t h e  components o f  i n t e r e s t  f o r  each crop, management p r a c t i c e ,  
and yea r .  Fo r  pota toes on sandy s o i l s ,  t h e  225 mn o f  supplementary i r r i g a -  
t o n  i n  1976 r e s u l t e d  i n  28 mn o f  p e r c o l a t i o n ,  more than occu r red  w i t h  r a i n -  
f a l l  a lone.  Increased p e r c o l a t i o n  r e s u l t e d  i n  an i nc rease  o f  n i t r a t e  leached 
f rom 29 kg/ha t o  36 kg/ha. I n  1977, wh ich  had h i g h e r  amounts o f  r a i n f a l l ,  
t h e  supplementary i r r i g a t i o n  increased p e r c o l a t i o n  by 106 mn and 1  each ing 
o f  n i t r a t e  by  15 kg/ha. F o r  wheat on c l a y  s o i l  , t h e  tendency i s  t h e  same 
f o r  e v a p o t r a n s p i r a t i o n  and p e r c o l a t i o n .  However, l e a c h i n g  does n o t  i n -  
c rease w i t h  i nc reased  p e r c o l a t i o n .  Th is  i s  p robab l y  due t o  t h e  l ow  f e r t i l  i- 
z e r  a p p l i c a t i o n  r a t e s  f o r  wheat r e l a t i v e  t o  t h e  t ime  o f  p e r c o l a t i o n  increase.  

F i g u r e  4 shows t h e  month ly  d i s t r i b u t i o n s  o f  p e r c o l a t i o n  and l e a c h i n g  
f o r  t h r e e  systems t h a t  were sumnarized by y e a r  i n  Tab le  2. I n  genera l ,  t he  
n i t r a t e  l e a c h i n g  occu r red  d u r i n g  t h e  e a r l y  s p r i n g  p e r i o d  when c o n d i t i o n s  
f o r  p e r c o l a t i o n  a re  f a v o r a b l e  and when h i g h  n i t r a t e  amounts a r e  s t o r e d  i n  
t h e  s o i l  p r o f i l e .  Usua l l y  t h e r e  i s  no l e a c h i n g  d u r i n g  t h e  c r o p  growing 
season because t h e r e  i s  no excess r a i n f a l l  o r  i r r i g a t i o n  t o  cause pe rco la -  
t i o n .  However, when p e r c o l a t i o n  occurs  i n  e a r l y  sumner, t h e  l e a c h i n g  r a t e s  
may be ve ry  h i g h  due t o  t h e  l a r g e  amounts o f  r e c e n t l y  a p p l i e d  f e r t i l i z e r ,  
e s p e c i a l l y  f o r  po ta toes.  

CONCLUSIONS 

The CREAMS model hydro logy and p l a n t  n u t r i e n t  components were used i n  
t h i s  s tudy  t o  eva lua te  t h e  n i t r a t e  l e a c h i n g  f rom a g r i c u l t u r a l  f i e l d s  under 
d i f f e r e n t  rrranagement p r a c t i c e s .  The model i s  a  r e l a t i v e l y  simp1 e  s i m u l a t i o n  
model based on r e a d i l y  a v a i l a b l e  i n p u t  parameters.  The annual l e a c h i n g  
amounts ob ta ined  correspond f a i r l y  w e l l  t o  r e s u l t s  o b t a i n e d  f rom f i e l d  
exper iments performed by t h e  U n i v e r s i t y  o f  A g r i c u l  t u r a l  Sciences (Andersson, 
1  982).  

I n  e v a l u a t i n g  n i t r a t e  l each ing ,  some c a u t i o n  i s  necessary.  CREAMS i s  
n o t  an absol u t e  q u a n t i t y  p r e d i c t i v e  model . The r e l a t i v e l y  l a r g e  sumner 



Table 2. Model s i m u l a t i o n  r e s u l t s ,  annual t o t a l s  

Year Crop/System P r e c i p i t a t i o n  Evapotrans- P e r c o l a t i o n  N i t r a t e  
+ i r r i g a t i o n  p i r a t i o n  Leached 

(m) (m) (mn) (kg/ha) 

1976 Potatoes: 

Rain 543 41 7  4  4 29 
+ I r r i g .  768 660 7  2  36 

Wheat: 

Ra in  543 455 83 10 
+ I r r i g .  768 640 111 11 

1977 Potatoes: 

Rain 667 525 142 21 
+ I r r i g .  89 2 635 248 36 

Wheat: 

Rain 667 500 172 11 
+ I r r i g .  89 2  645 2  36 11 

l e a c h i n g  shown i n  F igu re  4  i s  dependent on smal l  p e r c o l a t i o n  volumes. E r r o r s  
i n  e s t i m a t i n g  p e r c o l a t i o n  may cause l a r g e  e r r o r s  i n  l e a c h i n g  o u t p u t  f rom t h e  
model. However, t h e  p r i n c i p a l  purpose o f  t h e  model i s  n o t  t o  c a l c u l a t e  
abso lu te  values, b u t  t o  eva lua te  t h e  d i f f e r e n c e s  between d i f f e r e n t  manage- 
ment p r a c t i c e s .  I n  such eva lua t i ons ,  smal l  i n p u t  e r r o r s  shou ld  n o t  cause 
too  much o f  a  d i f f i c u l t y  o r  problem. 

I n  t h i s  case study, t h e  s i m u l a t i o n  p e r i o d  was two yea rs .  Th is  i s  t oo  
s h o r t  a  t ime w i t h  respec t  to e r r o r s  i n  i n i t i a l  values o f  some i n p u t  para- 
meters, f o r  example, i n i t i a l  s o i l  water  c o n t e n t  o r  i n i t i a l  s o i l  n i t r o g e n  
con ten t .  The CREAMS document (Kn ise l  . 1980) r e q u i r e s  a  minimum 3-year 
s i m u l a t i o n  per iod,  b u t  i t  recomnends much l o n g e r  per iods.  Probably f o r  
Swedish cond i t i ons ,  a  10- t o  20-year p e r i o d  would be r e q u i r e d  t o  smooth 
o u t  e r r o r s  i n  i n i t i a l  values and a l s o  t o  account f o r  d i f f e r e n t  c l i m a t i c  
cond i t i ons .  

Resu l ts  o f  t h e  CREAMS a p p l i c a t i o n  on ~ k 8 n e  c o n d i t i o n s  i n d i c a t e  the  
model i s  a  promis ing t o o l  t o  eva lua te  management p r a c t i c e s  f o r  nonpo in t  
source p o l l u t i o n  c o n t r o l .  A1 though the  s i m u l a t i o n s  were made f o r  o n l y  two 
years,  t h e  r e s u l t s  agreed re1 a t i v e l y  we1 1  w i t h  r e s u l t s  from f i e l  d  experiments.  
F u r t h e r  a p p l i c a t i o n  o f  t h e  CREAMS model wi  11 he1 p  suppl ement f i e l  d  s tud ies ,  
and i t  w i l l  be p o s s i b l e  t o  examine many p o t e n t i a l  management a1 t e r n a t i v e s .  





For f u r t h e r  a p p l i c a t i o n  o f  t h e  CREAMS model f o r  ~ k s n e  condi t ions,  o ther  
a l t e r n a t i v e s  should be considered which a r e  r e l e v a n t  to long-term measures 
aga ins t  nonpoint source p o l l u t i o n .  A l l  t e s t s  should be based on a t  l e a s t  
10-year s imu la t ion  periods. The recomnended a1 t e r n a t i v e s  a re  as fo l l ows :  

- Continuing eval u a t i o n  o f  supplementary i r r i g a t i o n  versus 
non- i r r i ga t ion .  I n i t i a l  s tud ies  i n d i c a t e  t h a t  appropr ia te 
i r r i g a t i o n  app l i ca t ions  may reduce n i t r a t e  leaching on a 
long-term basis  due to higher  amounts of crop n u t r i e n t  uptake. 
Local ly ,  however, i r r i g a t i o n  may cause increases i n  leaching, 
espec ia l l y  when f e r t i l  i z e r  appl i c a t i o n  i s  made imnediatel  y 
be fo re  re1 a t i  vel y heavy r a i n f a l l  ; 

- F e r t i l i z e r  a p p l i c a t i o n  d i s t r i b u t e d  over the  growing season 
versus the  normal one-time spr ing  app l i ca t ion ;  

- Reduced f e r t i l i z e r  appl i c a t i o n  versus normal appl i c a t i o n  ra tes  
which today a re  regarded as unnecessari ly high; 

- App l i ca t ion  o f  manure i n  the  sp r ing  which correspondingly reduces 
amounts o f  comnercial f e r t i  1 i z e r  versus autumn a p p l i c a t i o n  o f  
manure; 

- App l i ca t ion  o f  p r o t e c t i v e  a u t u m  crops, such as hay 
f o l l o w i n g  e a r l y  potatoes, f o r  example; 

- D i f f e r e n t  crop ro ta t ions ,  e s p e c i a l l y  those i n c l u d i n g  hay. 
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INTRODUCTION 

The p o l l u t i o n  o f  water resources by sediments, nu t r i en t s  and pest ic ides 

and i t s  e f f e c t  on water q u a l i t y  i s  t he  concern o f  many organisat ions i n  the  

Uni ted Kingdom, inc lud ing  Regional Water Au thor i t i es ;  the  Water Po l l u t i on  

Research Laboratory; the  M in i s t r y  o f  Agr icu l tu re ,  F isher ies  and Food; and 

the  I n s t i t u t e  o f  Hydrology (Department o f  the Environment, 1973a; 1973b). 

Although the techniques f o r  moni tor ing and p red i c t i ng  p o i n t  source$ o f  

po l lu t ion ,  e.g. fac to ry  discharges, a r e  reasonably we1 1-establ ished, 1 i t t l e  

a t t e n t i o n  has been given i n  the UK t o  the evaluat ion o f  non-point source 

po l lu t ion ,  e.g. the  i npu t  o f  sediment and chemicals t o  r i v e r s  through surface 

and subsurface water movement on h i l l s i d e s .  This  i s  i n  s p i t e  o f  recent  

pub l i c  i n t e r e s t  on the  e f f ec t s  o f  nu t r i en t s  and pes t i c ides  on water q u a l i t y  

as a r e s u l t  o f  changes i n  ag r i cu l t u ra l  and land  management pract ices.  

CREAMS i s  a f i e l d - sca le  model f o r  assessing the chemicals, r uno f f  and 

erosion a r i s i n g  from various a g r i c u l t u r a l  management systems (Knisel,  1978; 

1980). It comprises three sub-models o r  components: hydrology, eros ion and 

chemicals. These predic t ,  i n  turn, the  volume o f  runof f ,  the r a t e  o f  s o i l  

l o ss  and the  output  of dissolved and absorbed chemicals. Working i n  con- 

j unc t i on  w i t h  sc i en t i s t s  from the In te rna t iona l  I n s t i t u t e  f o r  Appl ied Systems 

Analysis, Laxenburg, Austr ia, and supported by a research grant  from the  UK 

Natural Envirorment Research Council, t he  authors a re  studying the appl i ca -  

b i l i t y  of the CRWS model t o  1IK condit ions, us ing data from a f i e l d  study 

o f  s o i l  erosion i n  the S i l soe  area o f  mid-Bedfordshire. 

Measurements o f  r uno f f  and s o i l  l o ss  from p l o t s  were made i n  the  S i l  soe 

area between May 1973 and August 1979 as pa r t  of a study o f  s o i l  eros ion i n  



the UK (Morgan, 1980a). Nine f i e l d  p l o t s  were establ ished on sandy, sandy 

loam, c l ay  and chal k  s o i l s  under bare ground, grass ley, cereals and wood- 

land. Data are ava i lab le  f o r  a l l  p l o t s  f o r  monthly, 100-day and annual 

periods and f o r  one p lo t ,  sandy s o i l  w i t h  bare ground, on a storm-by-storm 

basis. The experimental design and p l o t  inst rumentat ion a re  described i n  

Morgan (1977). 

The ob jec t i ves  o f  the app l i ca t i on  o f  t he  CREAMS model are: 

1. t o  inves t iga te  the val i d i t y  o f  the  model under UK condi t ions;  

2. t o  develop procedures f o r  es tab l i sh ing  values f o r  the surface 

roughness and p l an t  cover parameters used i n  the model, if 

possib le replac ing the cu r ren t l y  employed empir ica l  procedures 

w i t h  a more physical ly-based approach; and 

3. to assess weaknesses i n  the model and develop s t ra teg ies  f o r  

improvement f o r  UK condi t ions.  

Since the  S i l soe  study d i d  not  inc lude measurements o f  chemicals, on l y  the  

hydrology and eros ion components o f  the model were invest igated.  

The research programne s ta r ted  i n  January 1981 and i t  i s  no t  y e t  

possib le to c o m n t  on object ives 2. and 3. Pre l iminary va l i da t i on  t r i a l s  

have been completed, however, and t h i s  paper repor ts  t h e i r  resu l ts .  

ME TEST DATA 

The t e s t  data are taken from the  p l o t  monitored on a storm basis. The 

p l o t  i s  s i t ua ted  on a convex-concave h i l l s i d e  w i t h  a maximum slope o f  llO. 

on a bare sandy s o i l  o f  the Cottenham Series, der ived from the  under ly ing 

sandstone s t r a t a  o f  the Lower Greensand formation. Measurements o f  r uno f f  

and eros ion were made a t  three slope posi t ions on the p l o t :  the upper 

convexity, the mid-slope and t he  lower concavity. Only data f o r  the lower 

concavity a re  used i n  the t e s t  t r i a l s .  The hydrology component i s  tested 

w i t h  d a i l y  data co l l ec ted  continuously between 1 May 1973 and 31 December 

1974. During t h i s  period. 33 r uno f f  events were recorded w i t h  amounts 
1 ranging from 0.02 t o  16.59 1 m- . The eros ion component was tested w i t h  

data from 33 storms occurr ing between 1 May 1973 and 30 June 1979. These 

inc luded n ine ou t  o f  the ten  most eros ive storms i n  t h a t  per iod and s i x  

storms where no eros ion took place. Storm s o i l  l oss  values i n  the observed 
1 data se t  range from 0.0 to 26.3 t ha- . 



THE HYDROLOGY SUBMODEL 

Strategies 

The hydrology sub-model i s  bas i ca l l y  a water balance procedure 

operat ing on inputs o f  p r e c i p i t a t i o n  t o  g i ve  outputs o f  runof f  volume, 

peak runo f f ,  evapotranspirat ion, s o i l  water storage and deep percolat ion.  

The estimates o f  r uno f f  volume and peak r uno f f  become inpu ts  t o  the  eros ion 

sub-model. 'The estimates o f  r uno f f  volume, deep percolat ion, and eros ion 

become inputs to the  chemistry sub-model. The hydrology sub-model can be 

used w i t h  e i t h e r  d a i l y  o r  breakpoint r a i n f a l l  data. The d a l l y  op t ion  i s  

tested here. 

Runoff volume i s  predicted by the  sub-model as an equivalent  depth of 

water over the catchment area. This i s  then considered as the  average 

depth over the  catchment and t o t a l  r u n o f f  volume i s  thus the product o f  

depth and catchment area. Unfortunately, because the observed data were 

co l lec ted  using sediment t raps and unbounded p l o t s  f o r  which the  e f f e c t i v e  

catchment area i s  not  known, they cannot e a s i l y  be expressed i n  depth form. 

It i s  possib le t o  est imate a catchment area from the  width o f  t he  t raps (1  rn) 

and an assessment from f i e l d  observations o f  the average leng th  of overland 

f low (50 m). This procedure could be used t o  de f ine  a catchment area f o r  

operat ing the  sub-model. 

I t i s  doubt fu l ,  however, i f  the  observed r u n o f f  volumes can be regarded 

as having been der ived from t h i s  catchment area. Mean annual overland f low 

runo f f  var ies from 57.9 1 m-' on the convexity, t o  68.8 1 m-' on the mid-slope 

and 58.3 1 m-' on the concavity. Thus, there  i s  very 1 i t t l e  v a r i a t i o n  i n  

r uno f f  between the t raps a t  the upper convex and lower concave s i tes ,  a 

d is tance of 30 m. This impl ies t h a t  downslope add i t ions  o f  p r e c i p i t a t i o n  

must be balanced by downslope losses through i n f i l t r a t i o n  or, possibly, f low 

divergence. Since, w i t h  a uni form w id th  o f  1 m, slope length can be used as 

a surrogate f o r  catchment area, these f igu res  a lso  imply t h a t  r uno f f  volume 

i s  l a rge l y  independent o f  area. 

Clearly, de f l n i ng  the  area from which r uno f f  i s  generated i s  going t o  be 

somewhat a r b i t r a r y  under these condi t ions.  I n  previous work (Morgan. 1980a) 

on conver t ing the measurements o f  s o i l  l oss  per u n i t  width t o  an area basis, 

an attempt was made t o  j u s t i f y  an e f f e c t i v e  slope length o f  10 m based on 

the  d is tance apar t  o f  deposi t ional  splays on the h i l l s i d e  a f t e r  r a i n  and on 

a comparative width-length sca l ing  w i t h  standard USDA erosion p lo ts .  This 

approach i s  used here as one st rategy and f o r  t h i s  the observed volumes are 
2 converted to an average depth over 10 m . As an a l t e rna t i ve ,  t he  r uno f f  



2 volumes were assumed t o  be der ived from an area o f  1 m , i.e.. from a slope 

length o f  1 m. A1 though t h i s  second s t ra tegy  might appear somewhat extreme, 

i t  had already been used t o  g ive  successful p r e d i c t i o n s  o f  s o i l  losses 

us ing the eros ion sub-model (Morgan, 1980b). 

Treat ing the observed data i n  t h i s  way means t h a t  they can be con- 

s idered as represen ta t i ve  samples o f  r u n o f f  depth f o r  a g iven p o s i t i o n  on 

the h i l l s i d e  and i t  i s  no t  necessary t o  operate the sub-model f o r  e i t h e r  
2 2 o f  the  con t r i ved  catchments o f  1 m o r  10 m . Instead, t o  conform w i t h  the 

bas is  o u t l i n e d  above f o r  the  area assessment o f  s o i l  loss,  the  sub-model i s  
2 r u n  f o r  a 10 m catchment. The r e s u l t s  a re  compared w i t h  the  'observed' 

depths which a re  in te rp re ted  as i n d i c a t o r s  o f  average r u n o f f  depths w i t h i n  

the catchment. Runoff p red ic t ions  are analysed separate ly  f o r  the two 

'observed da ta '  s t ra teg ies .  

Inpu t  parameters 

Two i n p u t  f i l e s  are required: a d a i l y  r a i n f a l l  f i l e  and a hydrology 

parameters f i l e .  The d a i l y  r a i n f a l l  f i l e  comprises d a i l y  r a i n f a l l  amounts 

obta ined from the meteorological record ing s t a t i o n  o f  the  National I n s t i t u t e  

o f  A g r i c u l t u r a l  Engineering, 3 km from the f i e l d  s i t e .  

The i n p u t  t o  the  hydrology-parameters f i l e  i s  l i s t e d  i n  Table 1 and 

comnents on se lected parameters on ly  a r e  made here. A1 though the s i t e  has 

a sandy s o i l ,  knowledge o f  the l o c a l  cond i t i ons  ind ica ted  t h a t  i f  t y p i c a l  

parameter values f o r  sand were used, r u n o f f  would r a r e l y  be predic ted.  The 

i n f i l t r a t i o n  capaci ty  o f  the s o i l  i s  over 200 mn h-' and s ince the  h ighest  

r a i n f a l l  i n t e n s i t i e s  recorded over ten  minutes a re  only  about 40 nun h - l ,  

t h e o r e t i c a l l y  no r u n o f f  should occur. Runoff generat ion i s  explained by 

the i n a b i l i t y  o f  d ry  sand t o  take i n  water because o f  sur face tens ion and 

by c r u s t i n g  o f  the  s o i l  sur face (Morgan, 1977). These e f f e c t s  must be 

simulated when determining parameter values. 
1 Typical parameter values f o r  sand were used f o r  RC (2.0 i n  h- ) and 

FUL (0.11 ) , and, fo l l ow ing  the recomnendations f o r  operat ing the model 

(Foster  e t  a l .  1980, p. 339). a r o o t i n g  depth o f  36 i n  was assumed, g i v i n g  

a va lue o f  16.2 i n  f o r  UL. I n  order  t o  reproduce the observed h igh  ra tes  

o f  r u n o f f ,  a h igh  value o f  CN (92) was se lected f o r  the SCS Curve Number 
2 

f o r  the 10 m st rategy,  i n d i c a t i n g  a s o i l  o f  moderately h igh r u n o f f  po ten t ia l .  
2 Much h igher  r u n o f f  depths were requi red f o r  the 1 m s t ra tegy  and t o  

achieve these an at tempt  was made t o  s imulate a sandy s o i l  which behaved l i k e  

a c l a y  as regards r u n o f f  producing c h a r a c t e r i s t i c s .  A value o f  0.6 i n  h- I  was 



Tab1 e 1. Hydrology parameters f i l e .  

Parameter Observed data s t ra tegya 
10 m2 1 m 2 

DACRE Catchment area (ac) ; f i e l d  data 0.002 0.002 

RC E f f e c t i v e  saturated c o n d u c t i v i t y  o f  the 2.0 0.6 
s o i l  ( i n  h - l ) b  

FUL F r a c t i o n o f p o r e s p a c e f i l l e d a t f i e l d  0.11 0.77 
capaci tyC 

BST F r a c t i o n  o f  p lan t -ava i lab le  water storage 0.11 0.77 
f i l l e d  when s imu la t ion  begins; assumed 
equal t o  FUL 

CONA S o i l  evaporat ion parameter 
d 3.3 3.3 

POROS S o i l  p o r o s i t y  i n  r o o t  zonee 0.50 0.50 

BR15 Imnobi le  s o i l  wat r content  a t  15 bars 0.05 0.05 
tens ion ( i n  i n - I ) ?  

SIA I n i t i a l  abs t rac t ion  c o e f f i c i e n t  f o r  SCS 0.2 0.2 
r u n o f f  equation9 

CN2 SCS Curve Number f o r  c o n d i t i o n  zh 92.0 91 .O 

1  CHS C h a n n e l s l o p e ( f t f t - ) ; f i e l d d a t a  0.156 0.156 

WLW Catchment leng th lw id th  r a t i o ;  f i e l d  data 50.0 50.0 

RD Rooting depth ( i n ) '  36.0 8.3 

UL P lan t  a v a i l a b l e  water storage ( in ) '  16.2 3.738 

TEMP Mean monthly temperatures (OF) Meteoro log ica l  O f f i c e  data 
from publ ished records 

RADI Mean monthly s o l a r  r a d i a t i o n  (Ly day-') Meteorological O f f i c e  data 
from publ ished records 

GR Winter cover fac to r ;  value f o r  no cover 1 .O 1.0 

LA1 Leaf area index; no vegetat ion cover Assume 0 f o r  days 1-1 21 ; 
inc reas ing  from day 122 t o  
maximum value o f  0.02 on 
day 200; decreasing from 
then t o  0 va lue on day 250; 
0  f o r  days 251-366k 

 or explanation, see t e x t .  

b ~ a l u e s  based on Withers and Vipond (1974; Fig. 3.10. p. 75); explanat ion 
given i n  t e x t .  



'see Table 2 f o r  d e r i v a t i o n .  

d ~ y p i c a l  va lue f o r  sand (Foster  e t  a1 , 1980). 

e ~ y p i c a l  value f o r  sand ( H a l l ,  1945; p. 60). 

f ~ y p i c a l  value f o r  sand (Withers and Vipond, 1974; Table 3.4, p. 71).  

g ~ r n i t h  and Wi l l iams (1980). 

h ~ a l u e s  se lected from Schwab e t  a1. (1966; Table 4.1, p. 104). 
i For explanat ion, see t e x t .  

~ U L  = (POROS - BR15) (RD) (D) where D = depth o f  s torage laye r .  D = 1/36 RD 
f o r  t o p  s torage laye r ,  5/36 RD f o r  second s torage l a y e r  and 116 RD f o r  each 
o f  t h e  remaining f i v e  s torage laye rs  (Fos te r  e t  a1 ., 1980). 

k ~ h e  sub-model does n o t  operate w i t h  LA1 = 0. A minimum value has t h e r e f o r e  
been used. Days r e f e r  t o  J u l i a n  dates. 

used f o r  RC. FUL was s e t  a t  0.77 b u t  BR15 was kept  a t  0.05, a  t y p i c a l  value f o r  

sand. Because o f  the  absence o f  t o p  s o i l  a t  the  f i e l d  s i t e  and t h e  d i f f i c u l t y  

o f  d i s t i n g u i s h i n g  between t h e  s o i l  and the  weathered bedrock, a  low storage 

capac i t y  f o r  t h e  sand was s imulated by reduc ing the  r o o t i n g  depth t o  8.3 in,  

which r e s u l t e d  i n  a  va lue o f  3.74 i n  f o r  UL. 

S e n s i t i v i t y  ana lys i s  

A l i m i t e d  s e n s i t i v i t y  ana lys i s  was performed, concentrat ing on those para- 

meters appearing t o  have most i n f l u e n c e  on water storage and r u n o f f .  The 

ana lys i s  was c a r r i e d  o u t  f i r s t  on the  s imu la t ion  f o r  p r e d i c t i n g  r u n o f f  a t  
2 t h e  f i e l d  s i t e  us ing  the  10 m s t ra tegy  and second on a t y p i c a l  data s e t  

f o r  a  c l a y  s o i l  w i thou t  vege ta t ion  b u t  w i t h  the  same catchment area and s lope 

c h a r a c t e r i s t i c s  as t h e  f i e l d  s i t e .  A1 though no observed data a r e  a v a i l a b l e  

w i t h  which t o  compare t h e  r e s u l t s  o f  t h i s  second s imulat ion,  a l l  t he  c l a y  

s o i l  s i t e s  i n  the  f i e l d  study be ing used f o r  cereals ,  t h e  ana lys i s  was under- 

taken t o  determine whether the  s e n s i t i v i t y  o f  c e r t a i n  parameters was the  same 

f o r  d i f f e r e n t  s o i l s .  The s e n s i t i v i t y  ana lys i s  was r e s t r i c t e d  t o  changes i n  

r o o t i n g  depth (which in f l uenced  UL), t h e  SCS Curve Number and FUL. Because 

changes i n  FUL imply  changes i n  f i e l d  capacity,  they a lso  imply  changes i n  

s o i l  c h a r a c t e r i s t i c s .  To a l l ow f o r  these, t h e  values o f  BR15 were a lso  a l t e r e d  

t o  those suggested by Withers and Vipond (1974) f o r  a  s o i l  w i t h  the g iven  value 

o f  f i e l d  capaci ty .  Values o f  FUL were then c a l c u l a t e d  as suggested by Foster  

e t  a l .  (1980, p. 338) from f i e l d  capaci ty ,  p o r o s i t y  and BR15. us ing  the  values 

shown i n  Table 2. Two values were used f o r  each o f  t h e  parameters RD, CN and 

FUL, s e l e c t i n g  values e i t h e r  s i d e  o f  a  r e a l i s t i c  range, r a t h e r  than extreme 

values. They were combined i n  a  f a c t o r i a l  set,  g i v i n g  e i g h t  s imulat ions.  



Table 2. Der iva t ion  o f  values o f  FUL 

So i l  type F i e l d  capaci ty  Porosi ty  BR15 FUL 
(FC) ( POROS ) 

Sand 0.10 
0.15 

Clay 0.40 0.55 0.25 0.50 
0.45 0.55 0.30 0.60 

FUL = (FC - BR15)/(POROS - BR15) (Foster  e t  a l .  1980, p. 338) ; values f o r  FC 
a re  taken from Withers and Vipond (1975; Table 3.4, p. 71). 

This procedure al lows the  e f f ec t s  o f  possib le i n t e rac t i ons  between the  parameters 

to be estimated, a fea tu re  no t  possib le i n  t he  s e n s i t i v i t y  analys is  o f  t he  

hydrology sub-model ca r r i ed  ou t  by Lane and Fe r re i r a  (1980). 

Results o f  the  hydrology s imulat ion 

Observed and predic ted values o f  r uno f f  a re  presented i n  Tab1 e 3. Three 

measures o f  the  p red i c t i ve  success o f  t he  sub-model were employed. Because 

the  uncer ta in ty  over catchment area throws doubt on t he  magnitudes o f  t he  

'observed' depths o f  runo f f ,  i t  was f e l t  t h a t  the f i r s t  c r i t e r i o n  of success 

should be t o  p red i c t  the occurrence o f  r uno f f  on the r i g h t  days. Secondly, 

r a t i o s  o f  predic ted t o  observed values o f  r uno f f  were ca lcu la ted  and the 

percentage o f  those w i t h i n  the  range 0.75 t o  1.5 was determined. Thi rd ly ,  

product-moment c o r r e l a t i o n  coe f f i c i en t s  were calcu lated between the predic ted 

and observed values. 

The r e s u l t s  f o r  the  10 rnL s t ra tegy  show t h a t  42 per cent  o f  the r uno f f  
2  events were predic ted on the co r rec t  day whereas f o r  t he  1 m s t ra tegy  67 

per cen t  a re  predicted. However, the  s imu la t ion  f o r  the  l a t t e r  s t ra tegy  

p red ic ts  r u n o f f  on 23 days when i t  d i d  n o t  occur whereas t h a t  f o r  the  10 m 2 

s t ra tegy  does t h i s  on on ly  4 days. The accuracy o f  the  predic t ions i s  poor. 
2  With t he  10 m st rategy r a t i o s  o f  predic ted t o  observed values f a l l  w i t h i n  

the range c i t e d  above f o r  only  15 per cen t  o f  the  runof f  events. For the  1 m 2 

strategy, t h i s  f i g u r e  i s  12 per cent. Not surp r i s ing ly ,  c o r r e l a t i o n  c o e f f i -  

c i en t s  a re  general ly  low, though s t a t i s t i c a l l y  s i g n i f i c a n t .  Taking a1 1 days 

on which r uno f f  i s  e i t h e r  predic ted o r  observed, r = 0.285 ( n  = 37; p < 0.05) 
2 2 f o r  the  10 m s t ra tegy  and r = 0.312 ( n  = 56; p < 0.01) f o r  the  1 m st rategy.  

The s i gn i f i cance  leve ls  quoted i n  parentheses r e f e r  t o  one- ta i led tes ts  as 

on ly  p o s i t i v e  cor re la t ions  i nd i ca te  agreement between the  model and observed 



Table 3. Observed and p red ic ted  r u n o f f  values 

J u l i a n  date 'Observed' data s t r a t e g i e s  
10 m2 1 m2 

Observed Pred ic ted  Observed Predic ted 

( i n )  ( i n )  

731 70 0.038 0.387 0.38 0.45 
177 0.043 - 0.43 - 
178 0.035 0.047 0.35 0.23 
187 0.028 0.312 0.28 0.66 
196 0.025 0.016 0.25 0.09 
219 0.008 - 0.08 - 
239 0.034 0.027 0.34 0.1 2 
2 58 0.001 - 0.01 - 
263 - 0.016 - 0.11 
270 - 0.03 
272 0.008 0.08 - 
308 0.026 0.26 - 
3 54 - - 0.04 

74004 - - - 0.02 
006 - - - 0.05 
008 - - 0.03 
01 1 - - 0.12 
01 2 - - - 0.06 
01 5 0.001 - 0.01 0.04 
040 - - - 0.18 
04 1 0.001 - 0.01 - 
042 - - 0.04 
045 - - - 0.03 
069 - - - 0.04 
143 0.006 - 0.06 0.02 
159 0.001 - 0.01 - 
167 0.043 0.017 0.43 0.06 
177 - 0.099 - 0.20 



Table 3 continued 

Regression equations ( Y  = predicted; X = observed) 

10 mL st rategy:  (1)  a l l  instances where e i t h e r  observed o r  predic ted values 
a re  greater  than zero 

Y = 1.66 X + 0.0169 r = 0.285 n = 37 

(2)  a l l  instances where observed values a re  greater  than zero 

Y = 2.07 X + 0.0047 r = 0.332 n = 33 

(3) a l l  instances where observed values a re  greater  than zero 
bu t  excluding events on 73170, 73187, 74247, 74325 
(see t e x t )  

Y = 0.68 X - 0.0001 r = 0.543 n = 29 
2 1 m st rategy:  (1 )  a l l  instances where e i t h e r  observed o r  predic ted values 

a re  greater  than zero 

Y = 1.44 X + 0.1167 r = 0.312 n = 56 

(2)  a l l  instances where observed values a re  greater  than zero 

Y = 0.33 X + 0.0740 r = 0.339 n = 33 

2 data. Considering r uno f f  events only. r = 0.332 f o r  the 10 rn s t rategy and 
2 r = 0.339 f o r  the 1 m st rategy ( n  = 33; p < 0.05 f o r  both). However, an 

inspect ion o f  t he  r a t i o s  o f  predic ted t o  observed values reveals  t ha t  the  
2 s imu la t ion  f o r  the 10 m s t ra tegy  cons is ten t l y  overpredic ts  those events where 

low r u n o f f  volumes occur from high r a i n f a l l  amounts o f  long dura t ion  and low 

i n t ens i t y .  Such overpred ic t ion  i s  t o  be expected w i t h  t he  d a i l y  r a i n f a l l  model 

which takes account o f  wi th in-storm var ia t ions  i n  r a i n f a l l  i n t e n s i t y .  I f  the 

four  instances o f  these r a i n f a l l  condi t ions a re  omitted, r = 0.543 ( n  = 29; 

p < 0.01). 

The resu l t s  o f  the  s e n s i t i v i t y  analys is  a re  shown i n  Table 4. C lear ly  

the  predic ted r uno f f  was very sens i t i ve  t o  changes i n  the  SCS Curve Number. 

Changes i n  RD had n e g l i g i b l e  e f f e c t  f o r  t he  sandy s o i l  and a small e f f e c t  f o r  

t he  c l ay  s o i l .  A r e l a t i v e l y  small change i n  FUL and i t s  r e l a t ed  parameters f o r  

the  c l ay  s o i l  caused an increase i n  predic ted r uno f f  o f  about 40 per cent  a t  

CN = 88 and 25 per cent a t  CN = 92. Apart from t h i s  moderate i n t e r a c t i o n  



Table 4. Total predic ted r uno f f  ( i n )  f o r  t he  study per iod f o r  s imulat ions 
used i n  the  s e n s i t i v i t y  analys is .  

(1 )  Sandy s o i l  86 CN 88 

FUL 0.111 
0.167 

Var ia t ion  i n  RD from 30 t o  36 i n  had neg l i g i b l e  e f f e c t  

(2 )  Clay s o i l  30 RD 36 

88 CN 92 88 CN 92 

FUL 0.50 1.80 3.83 1.87 3.94 
0.60 2.48 4.82 2.60 4.98 

between the e f f ec t s  o f  va r i a t i on  i n  FUL and CN, the  parameter changes seemed t o  

a c t  v i r t u a l l y  independently. These f ind ings  agree genera l l y  w i t h  the  s e n s i t i v i t y  

analys is  o f  Lane and Fer re i ra  (1980), though they d i d  no t  study RD d i r e c t l y  bu t  

var ied the values o f  UL which depend on both RD and FUL. 

The sandy s o i l  considered here d i f f e r e d  from the c l ay  s o i l  and from the  

s o i l  considered by Lane and Fer re i ra  (1980) i n  t h a t  a r e l a t i v e l y  l a rge  increase 

i n  FUL caused on ly  a 14-20 per cent increase i n  predic ted runo f f .  This i s  

perhaps t o  be expected as r uno f f  on a sandy s o i l  i s  more l i k e l y  t o  be due t o  

i n f i l t r a t i o n  excess than t o  reaching saturat ion.  

A small number o f  add i t iona l  simulat ions were performed t o  inves t iga te  

other  less important s e n s i t i v i t y  questions. I t was found t h a t  changing CN t o  

90 and 92 f o r  t he  sandy s o i l ,  w i t h  FUL = 0.11, caused a continued dramatic 

increase i n  predic ted r uno f f  t o  0.96 i n  and 1.67 i n  respec t i ve ly  f o r  the study 

period. Changing the value o f  BST, the f r a c t i o n  o f  p lan t -ava i lab le  water 

storage f i l l e d  a t  the  s t a r t  o f  the  simulat ion, had no e f f e c t  on the  r esu l t s  f o r  

the  sandy s o i l ,  bu t  some e f f e c t  on the  f i r s t  yea r ' s  p red ic t ions  f o r  the  c l ay  

s o i l .  For a l l  the  o ther  s imulat ions reported, t he  s o i l  was assumed t o  be a t  

f i e l d  capaci ty  when the  s imu la t ion  per iod began. 

Discussion 

A1 though the  r esu l t s  obtained from the  p re l im inary  t r i a l s  o f  the hydrology 

sub-model a re  poor, i t  i s  d i f f i c u l t  t o  judge exac t l y  how bad t he  p red ic t ions  

r e a l l y  are. The on l y  prev iously  published comparison o f  r u n o f f  p red ic t ions  

from the  sub-model w i t h  observed values i s  f o r  watershed P2, Watk insv i l le ,  



Georgia, USA, a catchment o f  1.3 ha (Lane and Fer re i ra ,  1980). For 48 
r u n o f f  producing events over the  1973-75 period, a c o r r e l a t i o n  c o e f f i c i e n t  

of 0.728 was obtained. However, by us ing o n l y  r u n o f f  producing events i n  

assessing the success o f  the sub-model, no d e t a i l s  a r e  a v a i l a b l e  o f  how 

f requen t l y  r u n o f f  was predic ted when none occurred. 

Because the  sub-model i s  b a s i c a l l y  the  SCS Curve Number model of runoff  

p r e d i c t i o n  w i t h  a water balance procedure added to it, the p o t e n t i a l  o f  the 

sub-model can be gauged by examining the r e l i a b i l i t y  o f  the SCS Curve Number 

method. Smith and Wil l iams (1980) present t e s t  r e s u l t s  from t h i s  model f o r  

37 catchments ranging from 0.25 t o  12.95 ha. C o r r e l a t i o n  c o e f f i c i e n t s  range 

from 0.03 to 0.95. Only 14 per cen t  a r e  less  than 0.5, however. Judged by 
2 these standards, o n l y  the  s imu la t ion  f o r  the  10 m s t ra tegy  and ignor ing  long 

d u r a t i o n  storms can be considered s a t i s f a c t o r y .  

I d e a l l y  the slope o f  a regress ion l i n e  f o r  predic ted values against  

observed values should equal 1 .O. I n  t h e  case o f  t h e  Watk insv i l  l e  P2 data, 

t h e  slope was 0.72 and the sub-model overpredic ted f o r  low volumes of runoff  

and underpredicted f o r  h igh volumes. For observed runoff  events only, the  
2 slope values obta ined i n  t h i s  study a r e  0.33 f o r  the  1 m s t ra tegy  and 2.07 

2 f o r  the 10 m st rategy.  I f  the four  long-durat ion storms a r e  omitted, the 
2 slope f o r  the  10 m s t ra tegy  fa1 1s t o  0.68. Again. t h i s  can be considered t h e  

o n l y  s a t i s f a c t o r y  r e s u l t .  

The s e n s i t i v i t y  analys is  reveals t h a t  f o r  the  sandy s o i l s  o n l y  one o f  t h e  

parameters considered, the  SCS Curve Number, i s  c r i t i c a l .  Runoff  p red ic t ions  

on c l a y  s o i l s  a r e  s e n s i t i v e  t o  the Curve Number and t o  v a r i a t i o n s  i n  FUL. 

C l e a r l y  how w e l l  the  hydrology sub-model performs i s  h i g h l y  dependent upon 

the  s e l e c t i o n  o f  values f o r  these parameters. Although Smith and Wi l l iams 

(1980) s t a t e  t h a t  c a l i b r a t i o n  o f  the sub-model i s  no t  necessary f o r  s p e c i f i c  

appl icat ions,  the re  i s  no doubt t h a t  b e t t e r  r e s u l t s  than those presented here 

could be achieved i f  the  model were c a l i b r a t e d  using these tw parameters. I n  

r e a l i t y ,  much f i r m e r  gu ide l ines  a re  requ i red  on t h e  s e l e c t i o n  o f  parameter 

values than those contained i n  Knisel (1980). The user  o f  the  sub-model needs 

t o  have a ' f e e l  ' f o r  the meaning o f  the Curve Number values i n  r e l a t i o n  to a 

g iven  study area. Without th i s ,  the re  i s  a danger o f  t h e  p red ic ted  r u n o f f  

values being s e r i o u s l y  i n  e r ro r .  

Because of the  way i n  which the  sub-model i s  constructed, the hydro log ica l  

s imu la t ion  i s  a poor representat ion o f  the  hydro log ica l  cyc le.  When operated 

on a d a i l y  basis, t h e  sub-model i s  e s s e n t i a l l y  a s torage model; y e t  i t  begins 

by r e c e i v i n g  the r a i n f a l l  i n p u t  and c a l c u l a t i n g  the r u n o f f .  The excess r a i n f a l l  

i s  then d i s t r i b u t e d  among evapotranspirat ion, s o i l  water storage and deep 



percolat ion.  This approach i s  ph i losoph ica l l y  unsa t i s fy ing  because runo f f  i s  

usua l l y  viewed as the excess r a i n f a l l  a f t e r  the  components o f  evapotranspira- 

t i on ,  in tercept ion,  s o i l  water and groundwater have been f i l l e d .  The only  

l i n k  between the s imulat ion i n  the sub-model and t h i s  process i s  t h a t  s o i l  

water storage i s  estimated a f t e r  each day 's  r a i n f a l l  and the  r e s u l t i n g  value 

i s  used f o r  the ca l cu l a t i on  o f  r uno f f  from the  r a i n f a l l  received on the  

fo l low ing  day. 

THE EROSION SUB-MODEL 

The resu l t s  o f  the pre l iminary t r i a l  o f  the eros ion sub-model have been 

presented elsewhere (Morgan, 1980b) and on l y  a sumnary i s  given here. Two 

f i l e s  are requi red t o  operate the sub-model : a hydrology pass f i l e  and an 

erosion parameters f i l e .  

The hydrology pass f i l e  can be created as output  from the hydrology 

sub-model o r  constructed af resh using observed data. The l a t t e r  po l i c y  was 

fo l lowed i n  t h i s  case. Observed d a i l y  r a i n f a l l  t o t a l s  were used. Values f o r  

the E130 index were calcu lated from r a i n f a l l  i n t e n s i t i e s  der ived from auto- 

graphic r a i n  gauge char ts  according t o  the method o f  Wischmeier and Smith 

(1978. pp. 50-51). The observed runo f f  values were converted i n t o  depths 
2 using the 1 m st rategy out1 ined e a r l i e r .  The excess r a i n f a l l  o r  peak r uno f f  

was der ived us ing a hydrograph procedure (Morgan, 1980b, pp. 5-6). Se lec t ion  

o f  values f o r  the erosion parameters f i l e  i s  discussed i n  Morgan (1980b) and 

no f u r t he r  comnent i s  made here. 

Output from the  sub-model separates t he  predic t fons o f  s o i l  l oss  by over- 

land f low from those by channel f low. Because the  p red ic t ions  o f  s o i l  loss by 

overland flow were too low f o r  the major erosion events, an a r b i t r a r y  threshold 

o f  observed storm s o i l  loss o f  1 t ha-' was introduced when analysing the  

r esu l t s .  Where the  observed s o i l  l oss  was less than t h i s ,  t he  overland f low 

component of the  sub-model was used t o  p red i c t  erosion. Where the  observed 

s o i l  loss equal l ed  o r  exceeded the  threshold value, t he  overland f low and 

channel flow components were combined t o  g ive  the predic ted value. 

When the predic ted s o i l  loss values were derived i n  t h i s  way a s i g n i f i c a n t  

co r re l a t i on  was obtained between them and the  observed values f o r  31 storms 

( r  = 0.87; p < 0.001). The slope o f  the  regression l i n e  f o r  predic ted against  

observed values was 0.926. This r e s u l t  can be considered sa t i s f ac to r y .  I t 

also provided some pointers for  f u r t he r  research on s o i l  eros ion on h i l l s l o p e s .  

Doubts were cas t  on the v a l i d i t y  o f  the  separat ion o f  overland f low and channel 

flow adopted i n  the model. The p o s s i b i l i t y  was ra ised t h a t  l o ca l  concentrat ions 



o f  f low w i t h i n  t he  overland f low might be b e t t e r  considered as i n c i p i e n t  

channels r a t he r  than as pa r t  o f  the  overland flow, even though no v i s i b l e  

channel i s  being formed. Some j u s t i f i c a t i o n  f o r  t h i s  approach i s  provided 

by the  apparent importance o f  whether o r  not a threshold value o f  s o i l  loss 

i s  exceeded i n  determining t o t a l  storm s o i l  l oss .  'The threshold value of 

1 t ha-' i s  a crude i nd i ca to r  o f  sediment concentrat ion. The l a t t e r  has been 

shown by Savat (1979) to be a determinant o f  whether o r  no t  channel formation, 

i .e., ri l l ing, occurs. 

IMPLICATIONS 

The hydrology sub-model can be looked a t  i n  two ways: as a r uno f f  

p red i c t o r  and as i npu t  t o  the eros ion and chemistry sub-models. I n  the f i r s t  

case, the decis ion on the  value o f  t he  SCS Curve Number i s  c r i t i c a l  t o  the 

success o f  the  sub-model as a p red i c t i ve  t oo l .  The r e s u l t s  o f  t h i s  p re l  iminary 

t r i a l ,  a1 though g i v i ng  poor co r re l a t i ons  between predic ted and observed runo f f  

volumes, suggest t h a t  b e t t e r  p red ic t ions  could be achieved w i t h  ca l i b ra t i on .  

The r e s u l t s  a lso  show t ha t  ove ra l l  the  sub-model performs b e t t e r  w i t h  respect 
2 2 to 'observed' data determined on the 10 m than on t he  1 m basis. 

Unfortunately, the study a lso shows t h a t  the erosion sub-model g ives 

reasonable p red ic t ions  o f  s o i l  loss i f  the r uno f f  values used as i npu t  a re  
2 converted i n t o  depths on the 1 m basis. The d i f fe rences  i n  'observed' 

r uno f f  depths between t he  two s t ra teg ies  there fo re  become c r i t i c a l .  Sediment 

concentrat ions a re  calcu lated i n  the  eros ion sub-model from r u n o f f  depths, so 

t ha t  i f  runo f f  predic t ions from the hydrology sub-model a re  underestimated, 

then sediment concentrat ions w i l l  be underestimated and, consequently, s o i l  

loss w i l l  be gross ly  underpredicted. This  would c l e a r l y  happen here, f o r  

example, i f  the runoff predic t ions from the hydrology s imu la t ion  f o r  the  

10 m2 'observed' data s t ra tegy  were used as inputs t o  t he  eros ion s imulat ion.  

I t should be stressed, however, t h a t  the  CREAMS model i s  designed t o  

operate w i t h  runof f  depths averaged over a g iven catchment area. The d i s t i n c -  
2 2 t i o n  between the 1 m and 10 m s t r a t eg i es  does no t  imply c r i t i c i s m  o f  the model 

but  i s  merely a question o f  how f i e l d  measurements o f  r uno f f  volumes from 

unbounded p l o t s  should be regarded w i t h  respect t o  catchment area. Although i t  

might be argued t ha t  t h i s  problem would not a r i se  i f  data from bounded p l o t s  

were used, the r esu l t s  from the two s t ra teg ies  adopted i n  t h i s  study, together 

w i t h  the  apparent independence o f  observed runo f f  and catchment area, must 

a l so  cast  doubt on what data from bounded p l o t s  r e a l l y  mean. It i s  the  

e f f ec t i ve  r uno f f  generat ing area w i t h i n  t he  p l o t  t h a t  needs to be known, not  the 

t o t a l  p l o t  area, i f  meaningful observed data a re  t o  be obtained and meaningful 

p red ic t ions  made. 



CONCLUSIONS 

I f  t h i s  study i s  viewed s o l e l y  as an exp lo ra to ry  i n v e s t i g a t i o n  i n t o  t h e  

a p p l i c a t i o n  o f  the  CREAMS model, the r e s u l t s  can be considered promising. 

Reasonable p red ic t ions  o f  s o i l  l oss  a re  obtained provided tha t :  (a)  the  

concept o f  channel eros ion i s  extended t o  inc lude  convergences o f  f l ow w i t h i n  

the  over land f low whenever sediment concentrat ions exceed a c r i t i c a l  threshold; 

and (b)  observed r u n o f f  depths from unbounded p l o t s  a r e  ca lcu la ted  w i t h  the 
2 1 m s t ra tegy .  The hydrology sub-model shows promise as a runo f f  p red ic to r  

2  i f  the  observed r u n o f f  i s  ca lcu la ted  w i t h  the  10 m s t ra tegy  and b e t t e r  

gu ide l ines  can be establ ished f o r  detetmin ing SCS Curve Number values. 

Work over the  next  two years w i l l  concentrate on reso lv ing  the problems 

o f  matching the  hydrology and eros ion sub-models and on improving t h e  guide1 ines 

f o r  the s e l e c t i o n  o f  parameter values. From t h i s  research i t  w i l l  be poss ib le  

to detetmine the  s u i t a b i l i t y  o f  the model t o  UK condi t ions.  A1 though the  model 

s p e c i f i e s  a p p l i c a t i o n  t o  agr i cu l tu re ,  i t  i s  o f  p a r t i c u l a r  i n t e r e s t  t o  detetmine 

whether, through care fu l  s e l e c t i o n  o f  parameter values, i t  can be adapted t o  

cover woodlands, moorlands, grasslands, reclaimed mining land and rec rea t iona l  

areas. I n  t h i s  way the CREAMS model could be used t o  p r e d i c t  runo f f ,  sediment 

and chemical p o l l u t i o n  from most r u r a l  l and  u t i l i s a t i o n  systems w i t h i n  the UK. 
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INTRODUCTION 

Models are widely  used to study nonpoint source p o l l u t i o n  from an 
i n d i v i d u a l  f i e l d .  However, many problems e x i s t  on a h igher  s p a t i a l  
h i e r a r c h i c a l  l e v e l ,  e.g., a  farm, watershed, o r  region, the  analys is  o f  
which requi res appropr ia te mathematical models. However, few e x i s t i n g  models 
adequately describe regional o r  watershed problems o f  natura l  resources u t i  1  i za -  
t i o n  and/or environmental management, the re fo re  there i s  a  c l e a r  need f o r  
b e t t e r  e laborated f i e 1  d- level  models which can be used t o  so lve regional 
problems. This paper presents the f i r s t  a p p l i c a t i o n  r e s u l t s  o f  such an approach, 
namely the u t i l i z a t i o n  o f  the CREAMS model (Knisel , 1980), t o  examine the problem 
of op t im iza t ion  o f  na tu ra l  resources, and environmental management and p r o t e c t i o n  
f o r  the L i thuanian Soviet S o c i a l i s t  Republic. 

CONCEPTUAL SCHEME OF AN OVERALL MODEL OF OPTIMIZATION OF NATURAL 
RESOURCES UTILIZATION AND ENVIRONMENTAL PlANAGEMENT OF THE LITHUANIAN REPUBLIC 

For the  op t im iza t ion  o f  na tu ra l  resources u t i l i z a t i o n  o f  any r e g i o n , f i r s t  
of a l l  the  fo l l ow ing  general,  i n t e r r e l a t e d  ob jec t i ves  should be considered: 

r t o  e luc ida te  the opt imal dynamic c o r r e l a t i o n  between the  branches 
o f  the  economy i n  such a way t h a t  implementat ion o f  c e r t a i n  
economic measures would enable r a t i o n a l  u t i l i z a t i o n  o f  the 
resources o f  a  region; 

r to ensure a h i g h l y  p r o f i t a b l e ,  balanced and s t a b l e  development 
o f  i ndus t r y ,  a g r i c u l  ture,  f o r e s t r y  and water management; 

r t o  create an opt imal environment f o r  man. 

 his paper was prepared i n  c o l l a b o r a t i o n  w i t h  the  L i thuanian Academy o f  Sciences 
and IIASA. The authors wish t o  express t h e i r  g r a t i t u d e  t o  the IIASA s t a f f  
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A. D i l  i s ,  J. Ruseckas, D. Pantsekauskiene, P. Pakal n i s  and T. Kapust inskaite. 



For L i thuania,  the Overal l  Model o f  Natural Resources U t i l i z a t i o n  and 
Environmental Management (OMNRUEM) i s  based on the  three f o l l o w i n g  considera- 
t ions.  A schematic representat ion o f  the model i s  shown i n  F igure 1.  

A. Spat ia l  arrangement o f  the t e r r i t o r y  w i t h  respect  to the  maximum produc- 
t i o n  output.  This tendency i s  revealed when analyz ing t h e  f o l l o w i n g  data: 

1. H i s t o r i c a l  t rend o f  the land use i n  the past.  

2. Twenty to  t h i r t y  year forecasts  f o r  those branches o f  the economy 
which a re  o f  paramount importance i n  the t ransformat ion of the 
g iven t e r r i t o r y ,  i .e.. a g r i c u l t u r e ,  f o r e s t  and water management, 
branches o f  i ndus t ry  which change the environment, and u rban iza t ion  
processes. 

The ana lys is  o f  land u t i l i z a t i o n  i s  developed i n  the btodel o f  I n t e r -  
sectora l  Opt imizat ion o f  Land Use (MIOLU). I t s  o b j e c t i v e  func t ion  i s  an 
a l l o c a t i o n  o f  the branches over the t e r r i t o r y  i n  such a way t h a t  the na t iona l  
requirements i n  product ion might be met op t ima l l y .  Requirements f o r  i n d i v i d u a l  
sectors  a re  ranked by in t roduc ing  c o e f f i c i e n t s  o f  product ion preference. 

I n  the L i thuanian Research I n s t i t u t e  o f  Forest ry 's  model o f  I n t e r -  
branch opt imizat ion,  f o r e s t  a l l o c a t i o n  i s  given by L .  K a i r i u k s t i s  and S. 
Mizaras. I t s  o b j e c t i v e  func t ion  and p r i n c i p a l  cons t ra in ts  are as fo l lows:  

m 
X x . .  < a .  
i 'J- J 

where c . .  i s  a  p r o d u c t i v i t y  o f  i branch i n  j land u n i t s  i n  roubles/ha; 
1 J 

xij 
i s  i branch area i n  j land un i t s ,  ha; 

a  i s  j l and  area, ha; 
j 

pi i s  a  requirement i n  i branch product ion, i n  roubles; 

ki i s  a  c o e f f i c i e n t  o f  requirement co r rec t ion ;  

m i s  the number o f  economic branches; 

n  i s  the number o f  land u n i t  types. 

I n t r o d u c t i o n  o f  a d d i t i o n a l  cons t ra in ts  i n  the model account f o r  the 
p o s s i b i l i t i e s  of meeting the requirements, and t h e i r  preference, as we1 1 as 
a p p l i c a t i o n  o f  s imu la t ion  models which w i l l  enable us t o  evaluate the 





a l t e r n a t i v e s  f o r  d i s t r i b u t i o n  o f  d i f f e r e n t  types o f  f o r e s t s  i n  the system o f  
in terbranch land use o f  a  region. 

8. T e r r i t o r i a l  t ransformat ion f o r  ecologica l  reasons. The f o l l o w i n g  main 
i tems are analyzed: 

1. Ecological impacts o f  management systems on a g r i c u l t u r a l  landscapes. 
Such an es t imat ion  i s  c a r r i e d  ou t  according t o  the main s o i l  and 
r e l i e f  types as we1 1  as f o r  i n d i v i d u a l  types o f  1  and use, 1  i k e  
crop1 and, meadows and pasture1 ands. 

2 .  Ecological impacts o f  management systems on f o r e s t  landscapes. 
The eva lua t ion  i s  c a r r i e d  ou t  separate ly  f o r  each sector  o f  the 
f o r e s t  according to  i t s  p r i n c i p a l  use: product ion o f  wood, 
p r o t e c t i o n  o f  a g r i c u l t u r a l  land, recreat ion,  p reserva t ion  o f  
nature. 

3. Ecological impacts o f  i n d u s t r i a l  and urbanized t e r r i t o r i e s  on 
the environment ( a i r  and water p o l l u t i o n ,  noise, e tc . ) .  The 
assessment i s  f u l f i l  l e d  i n  conformi ty  w i t h  the  f u n c t i o n  and 
categor ies o f  the landscape. Large towns, s i n g l e  i n d u s t r i a l  
s i t e s  and la rge  i n d u s t r y - l i k e  a g r i c u l t u r a l  complexes a re  
assessed separately. 

For the assessment o f  ecologica l  impacts of management systems i n  accor- 
dance w i t h  the three items mentioned above (Knisel,  1980; F r i t t s ,  1977) the 
t e r r i t o r y  i s  d iv ided  i n t o  la rge  landscape types i n  keeping w i t h  geomrpho- 
l o g i c a l  and s o i l  patterns. For such an assessment, s imu la t ion  m d e l s  a r e  
used, i n c l u d i n g  s l i g h t l y  rev ised  submodels o f  the CREAMS system. A i r  p o l l u -  
t i o n  and i t s  impacts on ecosystems are determined f o r  a  number o f  components 
(gaseous and aerosol i c  addi t ions,  heavy metals, rad ioac t i ve  and carcinogenic 
substances, e t c . )  both f o r  l a r g e  landscape categor ies and f o r  the Republic 
on the whole. 

Cycl i e ,  long-term c l i m a t i c  o s c i l l a t i o n s  caused by so la r -ear th  re1 a t ions  
which a f f e c t  s t a b i l i t y  and p r o d u c t i v i t y  o f  ecosystems are ascer ta ined by 
dendrochronological methods, us ing t r e e - r i n g  data ( K a i r i u k i s t i s ,  1981 ; 
F r i  t t s ,  1977). Cycl i c  c l  ima t i c  f l  uctuat ions are in t roduced i n  the Overal l  
Model by means o f  increase o r  decrease i n  bounds o f  unfavourable impacts 
on the environment. A l l  aspects o f  the  ana lys is  ind ica ted  i n  i tem B are 
r e a l i z e d  i n  the Model o f  Opt imizat ion o f  Environmental Management (MOEM). 

C.  T e r r i t o r i a l  t ransformat ion i n  the i n t e r e s t s  o f  man. This t rend  i s  
analyzed by the Model o f  A l l - round Development o f  Personal i ty  and 
Society  (MDPS). I t i s  comprised o f  two submodels descr ib ing genet ic  
and s o c i a l  issues. The f o l l o w i n g  phenomena are s tud ied:  

1. Impacts o f  rad ioac t i ve  and chemical mutagens c i r c u l a t i n g  i n  the 
environment. Inves t iga t ions  a re  c a r r i e d  o u t  on a l a r g e  scale on 
i n d i c a t o r y  species, i nc lud ing  man, i n  d i f f e r e n t  landscape cate- 
gor ies.  S imulat ing the e f f e c t s  a t  d i f f e r e n t  l e v e l s  o f  exposure 
w i l l  reveal the poss ib le  consequences o f  such impacts. 

2. Feedback impacts o f  soc ia l  and demographic changes on environmen- 
t a l  t ransformation. S imulat ion of genet ic  and soc ie ta l  impacts 
i s  found t o  be the bas is  f o r  the  se lec t ion  o f  permiss ib le  para- 
meters o f  man's in f luence  on the environment a t  which the develop- 
ment o f  pe rsona l i t y ,  populat ion and soc ie ty  i s  no t  i n f r i n g e d  upon. 



The analys is  o f  the above s t a t e d  trends s t i p u l a t e s  a dynamic concept o f  
opt imal environment. On t h i s  bas is  an optimal development o f  d i f f e r e n t  
branches o f  the econoqy i n  the g iven reg ion  i s  determined w i t h  respect t o  
time, and parameters o f  the t ransformat ion o f  the t e r r i t o r y  are elaborated. 
The ou tpu t  from the  Overal l  Model i s  analyzed by decision-making bodies o f  
the Republic and then i t  i s  used as a bas is  f o r  the models descr ib ing  develop- 
ment o f  the main sectors  o f  the  economy r e l a t e d  t o  natura l  resources u t i l  i za -  
t i o n  ( K a i r i u k s t i s ,  1981 ). I n  such a way, a g r i c u l t u r a l  , urban, rec rea t iona l ,  
fo res t ,  and other  landscapes harmoniously form opt imal development of the  
environment and r a t i o n a l  u t i l i z a t i o n  o f  product ive forces and natura l  re-  
sources o f  the  reg ion ( K a i r i u k s t i s ,  1979). 

I n  the o v e r a l l  model, the  most a t t e n t i o n  i s  focused on man: on the one 
hand, demographic changes increase the  mate r ia l  and s p i r i t u a l  requirements o f  
micropopulat ions and soc iety ,  on the other ,  i n d u s t r i a l ,  urban and a g r i c u l -  
t u r a l  development has adverse impacts on the cond i t i ons  o f  man's 1 i f e .  To 
avo id  con t rad ic t ions  o f  the above mentioned fac to rs  i n  the  o v e r a l l  model, 
the d e l i v e r y  o f  data on optimum t e r r i t o r y  d i s t r i b u t i o n  i n  conformi ty  w i t h  
the p r e v a i l i n g  func t ions  i s  foreseen. For L i thuania,  p re l im inary  analys is  
o f  the t e r r i t o r i a l  t ransformat ion trends s t i p u l a t e d  by product ion, as we1 1 
as by eco log ica l  and soc ia l  consequences o f  t h i s  product ion has l e d  to 
approximate values o f  opt imal land  use. 

The f o l l o w i n g  t y p i c a l  cond i t i ons  describe the  r o l e  and place of separate 
t e r r i t o r i e s  i n  the landscape s t r u c t u r e  o f  L i thuan ia  (F igure 2):  

- average populat ion densi ty  i s  51 persons/kmL; 

- we l l  developed i n d u s t r y  (more than 609: o f  na t iona l  income); 

- h igh  l e v e l  of l and  transformation (55% o f  farmland i s  sovered 
w i t h  c losed drainage; wide network o f  roads (0.5 km/km ); on the 
area o f  6.5 mi 11 i o n  ha there are two l a r g e  (400,000 people) 
and 10 small (about 100,000 people) towns; 

- i n t e n s i v e  a g r i c u l t u r e  w i t h  d a i r y  c a t t l e  (average cereals  
y i e l d  i s  2.5 tonnes per ha; average annual y i e l d  o f  m i l k  from one 
cow i s  3500 kg; t h a t  o f  meat i s  12.5 tonnes per  100 ha o f  farmland); 

- t r a d i t i o n a l l y  developed complex s i l v i c u l t u r e  which meets 
approximately 75% o f  the Republ ic 's requirements o f  wood (average 
area o f  a  fo res t  i s  3,000 ha; f o r e s t  management u n i t s  are 30,000 ha 
w i t h  one f o r e s t e r  per 900 ha); 

- we1 1 organized nature preserves, in tens ive1 y  devel oped rec rea t iona l  
a c t i v i t i e s  such as hunting. 

I n  accordance w i t h  the aforementioned ana lys is ,  a g r i c u l t u r a l  lands should 
occupy 5 5 5 7 %  ( i n c l u d i n g  17% o f  meadows and pastures),  f o r e s t  areas, 
30-332, water and wetlands. 5-6%, i n d u s t r i a l  and urbanized areas, 5-7%. of 
t h e  t e r r i t o r y  o f  the Republic. Forest  and a g r i c u l t u r a l  t e r r i t o r i e s ,  apar t  
from t h e i r  d i r e c t  funct ions,  occupy lands meant f o r  o ther  purposes as wel l ,  
and must f u l f i l l  a u x i l i a r y  funct ions.  

Contiguous boundaries are being determined and the scale o f  mutual over lap 
o f  the  t e r r i t o r i e s  w i t h  d i f f e r e n t  func t ions  w i l l  a l l ow bu f fe r  zones between 
the main sectors  o f  the na t iona l  economy t o  be establ ished.  The b u f f e r  zones 





i n  opt imal regional development have mixed funct ions, i n  accordance w i t h  
t he  main overlapping economic sectors. The f o r e s t r y  sector, f o r  instance. 
on concrete t e r r i t o r y  becomes g rea t l y  spec ia l i zed  under the  pressure o f  
a g r i c u l t u r a l  , recreat ional ,  i n d u s t r i a l  -urban and o ther  sectors. Other 
sectors, e.g.. agr i cu l tu re ,  water management, etc.. are optimized conformably 
under the  pressure of  contiguous economic branches. Thus, adverse mutual 
impacts o f  the  competing funct ions (production, recreat ion,  preservation) 
i s  avoided and sectora l  models are determined more p rec ise ly .  

Sectoral models a re  t e r r i t o r i a l l y  d i f f e r e n t i a t e d  models o f  the  develop- 
ment o f  concrete landscape categories: f o r  instance, t he  a g r i c u l t u r a l -  
i n d u s t r i a l  t e r r i t o r i e s  o f  Middle Lithuanian lowland; t h e  a g r i c u l t u r a l  - 
recreat ional  t e r r i t o r i e s  o f  preservat ion and rec rea t iona l  zones; i n d u s t r i a l  - 
e x p l o i t a t i v e  forests;  the a g r i c u l t u r a l  -p ro tec t i ve  fo res ts ;  the  recreat ional  
forests, e tc .  The sectora l  models determine parameters o f  economic develop- 
ment, and u t i l i z a t i o n  and reproduction o f  natura l  resources. They a lso  serve 
f o r  the  cor rec t ion  o f  the ove ra l l  model o f  the Republic and f o r  long-term 
planning o f  ind iv idua l  sectors o f  the  na t iona l  economy. The sectora l  models 
do no t  r e f l e c t  the  p reva i l i ng  func t ion  o f  a concrete t e r r i t o r y .  Nevertheless, 
the models o f  t e r r i t o r i a l  con t ro l  together w i t h  t he  sectora l  models are 
p re fec t l y  appropr iate t o  look i n t o  the func t ion  o f  concrete geographical 
landscapes. They determine programs o f  na tu ra l  resources u t l i z a t i o n  and 
t h e i r  development as we l l  as programs o f  environmental management. A 
sectora l  model o f  f o r e s t  t e r r i t o r i e s  i s  shown i n  F igure 3. 

GENERALIZED TERRITORIAL LANDSCAPE UNITS FOR ECOLOGICAL EVALUATION 
OF THE IMPACTS OF MHAGEMENT SYSTEMS ON THE ENVIRONMENT 

Assessment o f  the  impacts o f  management systems on the environment i s  
made by the  MOEH model. However, these impacts cannot be evaluated f o r  the 
region as a whole. It i s  necessary therefore, t o  d i v i de  the t e r r i t o r y  i n t o  
the general ized e l  ementary u n i t s  which d i f f e r  i n  re1 i e f ,  s o i l  types, and 
vegetat ion. I t  i s  assumed t h a t  the t e r r i t o r i a l  u n i t s  would have c e r t a i n  
s p e c i f i c  react ions to the  management systems and t ha t  f o r  d i f f e r e n t  u n i t s  
the react ions would be d i f f e r e n t  too. Besides, the general ized cons t i tuen t  
t e r r i t o r i a l  u n i t s  a re  more quan t i f i ab l e  and desc r i p t i on  o f  t h e i r  represen- 
tat iveness r e l a t i v e  to the optimized t e r r i t o r y  i s  easier .  

For experimental general i zation, the Utena admin is t ra t i ve  region was 
chosen. I t i s  s i tua ted  w i t h i n  the B a l t i c  h i l l s  w i t h  an uneven l acus t r i ne -  
h i 1  l y  morainic landscape. I n  the  region, podzol i c  sandy and sod-podzol i c  
loamy s o i l  s  of medium o r  poor ly  developed podzol i z a t i o n  process p reva i l  . 
Total area o f  the t e r r i t o r y  i s  121,925 ha, inc lud ing  65,807 ha o f  farmlands, 
5.619 ha o f  water. and 36,054 ha o f  fo res t .  Approximately 45% o f  the farm- 
land s o i l s  are eroded. 

I n  t h i s  t e r r i t o r y ,  seven p r o f i l e s  5-10 km i n  length have been taken 
on the  reccimnendation of Prof.  A. Basalikas. The p r o f i l e s  r e f l e c t  
t he  most cha rac te r i s t i c  features o f  the region. The p r o f i l e s  were processed 
by Mr. I. M i l  i u s  i n  such a way t ha t  t he  1 ines were broken and always passing 
i n  the  d i r e c t i o n  o f  water f low.  A f i e l d  p r o f i l e  i s  shown i n  F igure 4. On 
the broken l i n e  o f  the ~ r o f i l e  obtain& predominant s o i l  type, k ind  o f  land 
use, leng th  and average slope between the  two points  from one breakpoint 
to the next  have been noted. Total l eng th  o f  the selected p r o f i l e s  i s  about 
50 km, on which 1040 elementary landscape u n i t s  were del ineated. Average 
slope o f  a t e r r i t o r i a l  elementary u n i t  was found t o  be 3.844% 2 0.144% w i t h  the 



Figure 3.  Sectoral model of forest territories 



Figure 4 .  Field profiles fonat ion for the elucidation of elementary 
components of the 1 andscape 



c o e f f i c i e n t  o f  v a r i a t i o n  f o r  a  s i n g l e  measurement 0.97. The mean l e n g t h  o f  
t h e  elementary u n i t  i s  equal t o  70.5 2 2.1 m w i t h  a  c o e f f i c i e n t  o f  v a r i a t i o n  
0.75. The values a r e  g i ven  f o r  t h e  0.95 conf idence l e v e l .  

TESTING THE CREAMS MODEL FOR A COMPARATIVE ASSESSMENT OF THE 
IMPACTS OF MGNAGEMENT SYSTEMS ON THE ENVIRONMENT 

A p r e l  i m i n a r y  s tudy o f  t h e  CREAMS model has shown us t h a t  i t  may be 
one o f  t h e  p r i n c i p a l  t o o l s  i n  t h e  Model o f  O p t i m i z a t i o n  o f  Environmental 
Management (MOEM). As t h e  f i r s t  s tep,  CREAMS was r u n  w i t h  the  da ta  o f  a  
small ( D a v i l a )  watershed i n  t h e  Utena r e q i o n  d u r i n q  L. Ka. i r iukst. is l  StaV 
a t  IIASA, March 1980). The conc lus ion  was tha (t t h e  model i s  a p p l i c a b l e  f o r  
thorough a n a l y s i s  o f  hyd ro log i ca l  and hydrochemical phenomena i n  smal l  
watersheds o f  L i t h u a n i a .  A l s a  i t  was assumed t h a t  t h e  model c o u l d  be 
used f o r  a n a l y s i s  o f  processes i n  more complex ecosystems. 

Dur ing L. K a i r i u k s t i s '  second v i s i t  t o  IIASA i n  November 1980, i t  was 
decided to use CREAMS f o r  t h e  whole Utena a d m i n i s t r a t i v e  reg ion .  

Data on  s o i l  h y d r o l o g i c  c o n d i t i o n s  were c o l l e c t e d  by  t h e  Department o f  
Geography o f  t h e  L i t h u a n i a n  Academy o f  Sciences and b y  t h e  L i t h u a n i a n  
Research I n s t i t u t e  o f  F o r e s t r y  f o r  t h r e e  p r e v a i l i n g  s o i l  types: loam, sandy 
loam and peat .  S o i l  samples were taken on s lopes o f  d i f f e r e n t  steepness 
and l eng th .  The dynamics o f  l e a f  su r face  o f  t h e  t y p i c a l  v e g e t a t i o n  (ba r ley ,  
pe renn ia l  grasses, f o r e s t )  haw been s t u d i e d  by t h e  s c i e n t i s t s  o f  t h e  
Bo tan i ca l  I n s t i t u t e  o f  t h e  L i t h a u n i a n  Academy o f  Sciences and t h e  L i t h u a n i a n  
Research I n s t i t u t e  o f  Fo res t r y .  

Resul t s  f rom t h e  Hydrology Model 

Computations have been performed u s i n g  t h e  hyd ro logy  model , Opt ion 1  
based on d a i l y  p r e c i p i t a t i o n .  P r e c i p i t a t i o n  data was taken f rom t h e  Utena 
me teo ro log i ca l  s t a t i o n  and i t  was assumed t o  rep resen t  t h e  whole reg ion.  
The runs were made f o r  t h e  p e r i o d  1972-1980 f o r  t h e  s o i l  and vege ta t i on  
types shown i n  t h e  f o l l o w i n g  t a b l e .  

Vege ta t i on  S o i l  Type 
TYP Loam Sandy Loam Peat 

Bar1 ey x x x 

Perenn ia l  Grasses x x 

Spruce-Deci duous 
Fo res t  x 

Spruce F o r e s t  x 

P ine F o r e s t  x 

B lack  A lde r  F o r e s t  x 



The given s o i l  and vegetat ion types predominate i n  the Utena region. 
Annual components o f  the  water balance obtained from s imulat ion are presented 
i n  Figure 5. The given per iod was notable f o r  s i g n i f i c a n t  f l u c t ua t i ons  o f  
annual p r e c i p i t a t i o n  representing both qu i t e  dry and wet years. Moreover, 
p r e c i p i t a t i o n  val ues f o r  1979-1 980 were taken considerably higher than they 
were i n  r e a l i t y ,  so t h a t  the whole possib le range o f  p r e c i p i t a t i o n  was 
actual  1 y covered. 

The outputs obtained show d i f f e r e n t  hydro logic  condi t ions depending 
upon the s o i l  type. For example, F igure 6 i l l u s t r a t e s  a r e l a t i o n  o f  surface 
r uno f f  and p r e c i p i t a t i o n  on loamy s o i l s .  It i s  p r a c t i c a l l y  the same f o r  
perennial grasses ( o f  the  f i r s t  year  sowing) and barley. bu t  d i f f e ren t  for  
a spruce-deciduous fo res t .  

A f t e r  ob ta in ing  the data on water balance- components f o r  t yp i ca l  1 and- 
scapes, a problem arises--determining the  water balance components f o r  the  whole 
region. It should be noted t h a t  i n  t he  CREAMS model, water balance components 
depend upon the land use type and s o i l  mechanical composition bu t  n o t  on the 
area and land slope. 

Water balance components f o r  the  whole region were ca lcu la ted  i n  accor- 
dance w i t h  the  d i s t r i b u t i o n  o f  i t s  area i n t o  s o i l  and land types (Table 1 ).  
It was determined t h a t  mean yea r l y  evapotranspi rat ion from f o r e s t  lands i s  
507 mn, wh i le  surface and subsurface r uno f f  comprise 190 mn. Average evapo- 
t r ansp i r a t i on  and runo f f  from a g r i c u l t u r a l  lands amount t o  486 mm and 211 mn, 
respect ive ly .  Evaporation from water surface i s  ca lcu la ted  to be 678 mn, 
wh i le  t h a t  from towns, roads, etc., approximately makes up 226 mn. 

For the per iod o f  1972-1980 mean annual evapotranspi rat ion f o r  the 
whole Utena region was found to be 493 mn and runof f  (sur face and subsurface) 
was 204 mn. I n  1969, I. Jablonskis ca lcu la ted  water balance o f  the region 
on the  basis o f  d i r e c t  measurements o f  r uno f f  and p rec i p i t a t i on .  Evapo- 
t r ansp i r a t i on  value according t o  our c a l c u l ~ t i o n s  i s  h igher  by 4% and runo f f  
i s  lower by 12% as compared w i t h  Jablonskis r e s u l t s .  I t must be noted t ha t  
the per iod  taken by Jablonskis had s l i g h t l y  h igher  t o t a l  p rec i p i t a t i on .  Con- 
sequently, the r esu l t s  o f  water balance ca lcu la t ions  f o r  qu i t e  a la rge  region 
using the  CREAMS model are qu i t e  acceptable. P a r t i c u l a r l y  reassuring i s  
the fac t  t h a t  the model i s  apparently appl icable f o r  t e r r i t o r i e s  w i t h  s tab le  
snow cover t yp i ca l  o f  Li thuania. 

However, s l i g h t  discrepancies i n  ca lcu lated val  ues o f  t r ansp i r a t i on  
and runo f f  are apparently r e l a t ed  to poor performance o f  the model f o r  
w in te r  condi t ions.  I n  L i thuania,  a i r  temperature i s  below P C  dur ing 
November-March wh i le  the model takes it as equal t o  @, therefore an increase 
i n  computed evaporat ion val ues i s  obtained. 

Results o f  the hydro logic  component o f  the  CREAMS model f o r  the  Utena region 
1 eads us to the f o l  1 owing concl usions : 

1. 'The hydrologic submodel i s  q u i t e  acceptabl e f o r  computations 
of water balance components both f o r  elementary landscape u n i t s  
and f o r  la rge  t e r r i t o r i e s .  

2. For the condi t ions i n  the B a l t i c  area, the  a1 gori thm of computations 
o f  water balance components must be improved f o r  a i r  temperatures 
below O0 C. 
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Figure 6 .  Calculated surface runoff i n  d i f f e r e n t  years according to 
prec ip i ta t ion  quantity, i n  elementary water catchment areas 
on loamy so i ls  covered wi th  barley, perennial grasses and 
spruce-deciduous forest  
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3. For  the condi t ions o f  the  B a l t i c  area, specia l  i nves t iga t ions  on 
accuracy o f  computations should be c a r r i e d  o u t  f o r  periods w i t h  
snow cover, i n c l u d i n g  spr ing  me1 t i n g  and f o r  frozen s o i l s  w i t h  
d i f f e r e n t  moisture. 

4. The CREAMS model does n o t  take i n t o  account the  in f luence  o f  
the h igh groundwater l e v e l  on evaporat ion and r u n o f f  which i s  
sometimes t y p i c a l  o f  the B a l t i c  area cond i t i ons .  I t  i s  necessary 
t o  analyze what e r r o r s  a re  associated w i t h  d isregard ing t h i s  
phenomena. I n  the case o f  considerable e r r o r s  a corresponding 
submodel should be elaborated and inc luded i n  CREAMS. 

Results from the Erosion Model 

Computation o f  s o i l  eros ion has been performed f o r  the per iod  1972-1980 
as we l l .  Simulat ions were made f o r  over land f low on uni form slopes. The 
runs were f o r  the f o l l o w i n g  elementary landscape u n i t s  (s lope steepness i n  
% i s  i n d i c a t e d  i n  the numerator, slope leng th  i n  m. i s  i n  the denominator) 
(Table 2). 

Tab1 e 2. Elementary landscape u n i t s  

Bar1 ey Perennial grasses Spruce-deciduous Spruce f o r e s t  
f o r e s t  

Loamy So i l  

4/40 4/88 4/145 4/88 

8/4/ 8/88 8/145 8/88 8/88 

12/40 12/88 12/145 12/88 12/40 12/88 12/145 

14/40 14/88 14/145 14/88 16/88 

Sandy loam s o i l  

4/88 4/88 

8/40 8/88 8/145 8/88 8/88 
11/40 11/88 11/145 

16/88 

Computed mean annual values o f  s o i l  eros ion are presented i n  Table 3 
( i n  tonnes/hect.are per  year)* .  

 o or easy reference the data i n  Table 3 has been a1 igned e x a c t l y  t o  match 
t h a t  of Table 2. 



Table 3. Mean Annual Values o f  So i l  Erosion 

Bar1 ey Perennial grasses Spruce deciduous Spruce f o r e s t  
f o r e s t  

Loamy s o i l  

Sandy 1 oamy so i  1 

1.06 

1.95 

Re la t ion  between the t o t a l  9-year eros ion and slope steepness f o r  d i f -  
f e ren t  land u n i t s  on loamy s o i l s  i s  given i n  F igure 7. The r e l a t i o n  i s  
l i n e a r  and the d ispers ion o f  the r esu l t s  on land  u n i t s  i s  i n s i g n i f i c a n t .  
Mean annual value o f  s o i l  eros ion f o r  average slope i n  the region i s  about 
2 t /ha. The in f luence  o f  slope length on eros ion i s  l e ss  than t h a t  o f  
steepness . 

The resu l t s  o f  computations have i l l u s t r a t e d  the s t a b i l i z i n g  r o l e  o f  
fo res ts  i n  eros ion processes on loamy and sandy loam s o i l s .  For instance. 
on slopes covered w i t h  spruce-deciduous f o res t  on loamy so i l s ,  not iceable 
eros ion begins on ly  w i t h  slope steepness o f  6-81 (Figure 8 ) .  The eros ion 
over 2 t /ha per annum i s  t yp ica l  o f  steep (11 -1 3%) wooded slopes. I t com- 
p r i ses  one f i f t h  o f  the  eros ion from a f i e l d  covered w i t h  perennial grasses*. 
Annual eros ion value c lose ly  depends on t o t a l  p r e c i p i t a t i o n  (Figure 9 )  sum. 
I n  dry years (1973, 1975) eros ion p r a c t i c a l l y  i s  no t  observed, wh i le  i n  
r a i ny  years (1979, 1980) i t  s i g n i f i c a n t l y  increases and becomes not iceable 
even on the  slopes covered by fo res t .  

The resu l t s  o f  the erosion model have confinned i t s  a p p l i c a b i l i t y  forstudy-  
inq s o i l  eros ion processes i n  d i f f e r e n t  s o i l  and hydrologic condi t ions,  w i t h  
d i f f e r e n t  slope steepness, i n  d i f f e r e n t  types o f  l and  use, e tc .  It i s  neces- 
sary now t o  pass from computations o f  somehow condi t ional  data t o  those o f  
real  slope and rea l  types o f  surface runof f .  Before s t a r t i n g  s i m i l a r  com- 
putat ions f o r  the Utena region, i t  i s  necessary t o  solve a number o f  methodo- 
l o g i c a l  problems. Another methodological aspect o f  u t i l  i z a t i o n  o f  the ero- 
s ion model o f  the CREAMS i s  the study o f  the model's a p p l i c a b i l i t y  t o  t he  

* ~ o t a l  eros ion values should be s l  i g h t l y  over those observed as p r e c i p i t a t i o n  
f o r  1979-1980 was taken t o  be h igher  than t h a t  observed. 
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Figure 7 .  Total quantity of erosion (T) products of loamy so i l s  depending 
upon slope steepness 



Figure 8 .  Mean quant i ty  o f  eroded s o i l  T )  (1972-1980) on slopes o f  d i f f e r e n t  
steepness w ~ t h  loamy and ran& loam s o i l s ,  covered with bar ley 
and spruce-deciduous fores t  



Figure 9. I n t e n s i t y  of eroded s o i l  ( T )  i n  d i f f e r e n t  years according 
to p r e c i p i t a t i o n  ( P )  i n  elementary water  catchment areas o f  
8% steepness w i t h  loamy s o i l ,  covered w i t h  bar ley  and spruce- 
deciduous f o r e s t  



computations o f  s o i l  eros ion d u r i  no sp r ing  snowmel t. F i n a l l y ,  v e r i f i c a t i o n  
o f  computations by experimental data i s  requi red.  

Results from the  N u t r i e n t  Model 

The model desc r ib ing  n i t rogen  and phosphorus behaviour was aoo l ied  f o r  
l oamy so i  1  s  on1 y  on slopes o f  8% covered w i t h  bar1 ey and spruce f o r e s t .  I n  
t h i s  app l i ca t ion ,  the r e s u l t s  o f  s imu la t ion  are o f  l i m i t e d  i n t e r e s t .  Never- 
theless. a  d e f i n i t e  in ference from the computation can be drawn on the  
method01 ogy. 

The values o f  n i t rogen  and phosphorus ( i n  kg/ha per  annum) removed from 
s o i l  f o r  1972-1980 and 1972 ( i n  brackets)  a re  presented below: 

Chemical Vegetat ion Removed by Removed by Removed By 
element sur face sediment perco la t ion  

r u n o f f  

Ni t rogen Bar1 ey 0.65 (0.34) 2.04 (1.03) 14.15 (43.74) 

Spruce f o r e s t  20.2 (21.40) 
- - - 

Phosphorus Bar1 ey 1.95 (0.98) 5.25 (2.63) 

Spruce f o r e s t  - - - 

The f a c t  t h a t  i n  a  m d e r a t e l y  d ry  year (1972) and dur ing  the  whole 
per iod ca lcu la ted  (1972-1980) , n u t r i e n t s  removal by sur face r u n o f f  and 
by sediments takes p lace on ly  from the a q r i c u l t u r a l  f i e l d  and does no t  

occur from spruce forest, i n  p a r t i c u l a r  a t t r a c t s  our  a t t e n t i o n .  The decreased 
values o f  the n u t r i e n t s  removed from the f o r e s t  a re  the re fo re  understandable. 

For the  t ime being, i t  i s  poss ib le  t o  conclude t h a t  the n u t r i e n t s  model 
may be a  convenient means i n  the aforementioned o v e r a l l  system o f  models. 
On the  one hand f u r t h e r  adjustment o f  t h e  model t o  solve reg ional  problems 
and on the o ther  i t s  v e r i f i c a t i o n  w i t h  the data o f  l o c a l  experimental ob- 
servat ions are necessary. This model (as we l l  as o t h e r  par ts  o f  CREAMS) 
r e q u i r e  f u r t h e r  inves t iga t ions  on i t s  a p p l i c a b i l i t y  f o r  w i n t e r  condi t ions 
w i t h  s t a b l e  snow cover. 

An attempt has been made to t r y  the  pes t i c ides  model us ing the  data o f  t h e  
Davi la  watershed. However, the work has n o t  been completed so f a r  because o f  t h e  
d i f f e r e n c e  o f  p e s t i c i d e  denominations i n  the  USSR and i n  the  USA, and t h e  
at tendant  d i f f i c u l t i e s  o f  determining t h e i r  breakdown p roper t ies  before 
i n c l u s i o n  i n  the  model. 

CONCLUSION 

The fint experiments w i t h  the  CREAMS m d e l  have shown us t h a t  i t  i s  
adequate i n  general f o r  the condi t ions o f  L i thuania.  It i s ,  therefore, worth 



using f u r t he r ,  since the  development o f  a new model would be much more 
cos t l y .  However, f u r t h e r  app l i ca t i on  o f  the model eauses L i thuanian 
experts various problems. The p r i nc i pa l  problems are out1 ined below. 

1. Some outputs o f  the  runs f o r  s i ng l e  f i e l d s  should be v e r i f i e d .  I t 
w i l l  require, i n  some cases, an organizat ion o f  special add i t iona l  
s tudies.  

2. The m d e l  has been developed on the  data obtained i n  IIASA i n  
natura l  condi t ions somehow d i ss im i l a r  to those o f  L i thuania.  
These a re  long, s tab le  snow cover, i t s  me l t ing  and associated 
hydrologic, eros ion and chemical processes. Hence, a thorough 
check o f  the m d e l ' s  adequacy i s  needed and, i n  case o f  negative 
resu l ts ,  development o f  a corresponding submodel should be c a r r i e d  
ou t .  S im i la r  ac t ion  would be necessary f o r  condi t ions o f  shal low 
groundwater 1 eve1 . 

3 .  Reasonable r esu l t s  have been obtained f o r  f o r e s t  land un i ts ,  though 
CREAMS was no t  developed f o r  fo res ts .  Apparently the work on adjustment 
o f  the  model to f o r e s t  condi t ions w i l l  continue, so t h a t  a new special 
system o f  m d e l s  w i l l  be developed f o r  which CREAMS would serve as the 
base. 

4 .  The main content o f  t h i s  paper i s  an adjustment o f  a f i e l d  l e ve l  model 
to solve regional l e ve l  problems. The runs o f  t he  hydrology and eros ion 
m d e l s  have brought q u i t e  reassuring r esu l t s .  I t i s  expected t h a t  exten- 
s ive  methodological s tudies o f  CREAMS app l i ca t i on  f o r  regional  problems 
w i l l  be continued since optimal environmental management i s  one o f  the 
most important tasks i n  L i thuania.  
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REVIEW OF CASE STUDIES 

OF CREAMS MODEL APPLICATION 

W.G. Knisel  and V. Svetlosanov 





Several s c i e n t i s t s  are t o  be comnended f o r  t h e i r  d i l i g e n t  e f f o r t s  i n  
the  a p p l i c a t i o n  o f  the  CREAMS model t o  rea l -wor ld  problems i n  t h e i r  respec- 
t i v e  countr ies.  A1 though CREAMS i s  a simple model i n  many respects, i t  i s  
t o t a l l y  complex i n  i n t e r a c t i o n s  and w i t h  respect  to r e a d i l y  a v a i l a b l e  data. 
The model was developed i n  the  Uni ted States, where more in fo rmat ion  was 
a v a i l a b l e  t o  determine parameter values than i n  o ther  countr ies. 

Appl i c a t i o n s  represented a range o f  opera t ing  cond i t i ons  such as c l  imate. 
management, and t h e  l e v e l  o f  modeling exper t ise.  The case studies brought 
to l i g h t  some model weaknesses (areas r e q u i r i n g  improvement) as we l l  as the 
p o t e n t i a l  b e n e f i t s  o f  model app l i ca t ion .  Some o f  the  improvements c u r r e n t l y  
are being made by the o r i g i n a l  modeling team and these a re  discussed i n  
another sec t ion  o f  t h i s  repor t .  

One area o f  concern across the case s tud ies  was the e f f e c t s  o f  f reez ing  
temperatures. The present model permi ts  some processes t o  cont inue when 
temperatures drop below 00 C and the  processes cease. Discrepancies between 
model representat ion and actual  cond i t i ons  may cause less  than s a t i s f a c t o r y  
resu l t s .  I n  t h i s  s p e c i f i c  case, p e r c o l a t i o n  w i l l  be i n  e r r o r ,  as we l l  as 
underest imation o f  s o i l  n i t r a t e  content,  and overest imat ion o f  n i t r a t e  
leaching. This i n  t u r n  a f f e c t s  the o v e r a l l  n i t rogen  balance. 

It was pointed o u t  t h a t  CREAMS was developed f o r  c l i m a t i c  condi t ions 
n the  USA and r a i n f a l l  energy i n  European areas probably i s  n o t  as h igh  as 
n the  USA. This would lead t o  overest imat ion o f  s o i l  detachment by r a i n -  

drop impact. Storms i n  Western Europe genera l l y  a re  o f  l onger  durat ion, 
lower i n t e n s i t y  and energy, and thus o f  lower  e ros ion  p o t e n t i a l  than i n  the 
Uni ted States. 

Another problem i d e n t i f i e d  was t h a t  o f  snowmel t. Unfor tunate ly ,  there 
were some l o g i c  e r r o r s  i n  t h e  vers ion o f  C R M  t h a t  was used i n  most o f  the  
case studies.  (The problem has been corrected i n  model vers ion 1.7 p resen t l y  
opera t i ve  a t  IIASA.) Basica l ly ,  the re  were two problems: (1)  the model d i d  
n o t  consider  p r e c i p i t a t i o n  as snow on days when a i r  temperature was less  
than 00 C, and (2 )  there was a double accounting o f  s o i l  water from me l t ing  
snow, a1 1 o f  which i n f i l t r a t e d  i n t o  t h e  s o i l .  These problems have been cor-  
rected i n  vers ion 1.7, bu t  the snowme1 t subrout ine cont inues to i n f i l t r a t e  
most o f  the  s m w l t .  I t has n o t  been tes ted  f o r  extreme snowpack which 
may occur i n  the  co lder  c l imates o f  Europe and Asia. 

There were two types o f  app l i ca t ions  made i n  the  case studies:  (1 ) s i t e -  
s p e c i f i c  where some data were a v a i l a b l e  f o r  model v e r i f i c a t i o n ,  and (2 )  gene- 
r a l  i z e d  a p p l i c a t i o n  f o r  "average", o r  " t y p i c a l  ", o r  " representat ive"  s i  tua- 
t ions.  The two types requ i re  d i f f e r e n t  degrees o f  parameter in format ion.  
A t  loca t ions  where observed data a re  a v a i l a b l e  from f i e l d  experiments, such 
as t h e  Uni ted Kingdom case study, much more d e t a i l e d  in fo rmat ion  genera l l y  
a re  a v a i l a b l e  o r  might be obtained from a d d i t i o n a l  f i e 1  d observat ions, sampl ing, 
o r  labora to ry  t e s t s .  This may n o t  be f e a s i b l e  o r  p r a c t i c a l  f o r  general ized 
o r  representat ive appl icat ion,  as f o r  example i n  the  Swedish case study. 
Even i n  coun t r ies  where vast  s o i l s  data a re  ava i lab le ,  the re  are o f t e n  times 
problem areas w i t h  s o e c i f i c  s o i l s  f o r  which the re  i s  l i t t t l e  o r  no data. 
I n  these s i tua t ions ,  the  bes t  in fo rmat ion  i s  genera l ized data based on s o i l  
t e x t u r a l  c l a s s i f i c a t i o n .  For  example, the U.S. Department o f  Agr i cu l tu re ,  
S o i l  Conservation Service (1981) has developed a guide f o r  users as an a i d  
to es t imat ion  o f  parameter values. The guide conta ins a U.S. Department o f  
A g r i c u l t u r e  t e x t u r a l  c l a s s i f i c a t i o n  c h a r t  (F rever t  e t  a1 . . 1955). With a 



knowledge o f  the sand, s i l t ,  and c lay  content as needed f o r  the  eros ion 
component, the s o i l  tex tu re  can be determined from the c h a r t  (F igure 1 ) .  
From t e x t u r a l  c l a s s i f i c a t i o n ,  i n fo rmat ion  i n  Table 1 (England, 1970) can 
be used f o r  physical s o i l  p roper t ies  to est imate model parameter values. 
The data i n  Table 1 represent mean values over a range o f  s o i l s ,  b u t  t h i s  
i s  s u f f i c i e n t  f o r  general ized model a p p l i c a t i o n  t o  consider  management 
a l t e r n a t i v e s .  Also to a i d  t h e  user, SCS inc luded a t a b l e  (Table 2) which 
gives the range o f  e f f e c t i v e  saturated c o n d u c t i v i t y  by hydro log ic  s o i l  
group (Musgrave, 1955). Table 2 i s  based upon minimum i n f i l t r a t i o n  r a t e  
which i s  l e a s t  when the s o i l  i s  saturated. Table 2 can be used i n  two ways: 
(1 ) i f  saturated conduc t i v i t y ,  o r  minimum i n f i l t r a t i o n  ra te ,  i s  known, the 
hydro log ic  s o i l  group can be determined f o r  es t imat ing  SCS curve number, o r  
(2)  i f  the hydro log ic  s o i l  group i s  known, saturated c o n d u c t i v i t y  can be 
estimated. These tab les are very h e l p f u l  f o r  the  user when s i t e -  o r  s o i l -  
s p e c i f i c  data a re  n o t  ava i lab le .  The values should n o t  be used f o r  model 
val i d a t i o n  w i t h  observed r u n o f f  data. Generalized app l i ca t ions  a re  made 
p r i m a r i l y  to examine d i f fe rences  between management pract ices,  and t h e  mean 
values from Tables 1 and 2 are s a t i s f a c t o r y  f o r  t h i s  purpose. 

Some general comnents concerning observat ions from app l i ca t ions  and 
experiences w i t h  the CREAMS model are i n  order. F i r s t ,  CREAMS was developed 
as a s ta te -o f - the -a r t  model, and the s c i e n t i s t s  who developed i t  recognized 
t h a t  i t  would n o t  consider a l l  problems. It was assembled from e x i s t i n g  
submodel s, o r  r e a d i l y  mod i f iab le  components, t o  form a bas ic  framework upon 
which improvements and comprehension would be improved. I n  many respects. 
CREAMS represents a concept o f  an approach i n  the  assessment o f  complex 
nonpoint source p o l l u t i o n .  CREAMS i s  a t o o l  t o  a i d  i n  the profess ional  
judgement on management e f f e c t s  r e l a t e d  t o  nonpoint source pol 1 u t ion .  The 
model i s  n o t  a p r e d i c t i v e  model i n  absolute quan t i t y .  

One ovemhel mi ng observat ion has been made from experienced appl i cat ions:  
the  "average" cond i t i on  o r  system i s  n o t  t h e  case where nonpoint  source po l -  
l u t i o n  i s  a problem. That i s ,  some extreme cond i t i on (s )  e x i s t  which r e s u l t  
i n  the problem. It may r e s u l t  from extreme c l i m a t i c  cond i t i ons  such as 
f requent  heavy storms dur ing  a per iod  when the  s o i l  i s  bare and chemicals 
a r e  normally used. The s o i l  may be extremely shallow, tend to c r u s t  and 
seal, thus having 1 ow water r e t e n t i o n  and transmission c h a r a c t e r i s t i c s .  A 
combination o f  c l ima te  and s o i l  may cause a problem i n  t h a t  t h e  s o i l  sur face 
l a y e r ,  thawing w i t h  warm r a i n  on a f rozen p r o f i l e ,  r e s u l t s  i n  qu ick satura-  
t i o n  o f  the thawed layer ,  and i f  the  slope i s  steep w i t h  l i t t l e  cover, ex- 
treme eros ion could occur. This cond i t i on  occurs i n  many p a r t s  o f  the  w r l d .  
Another problem may r e s u l t  f rom extreme app l i ca t ions  o f  chemicals; app l i ca -  
t i o n  o f  animal waste a t  h igh rates, and a wide spectrum o f  p e s t i c i d e  appl ica-  
t i o n  such as i n  warm cl imates w i t h  h igh i n s e c t  and weed con t ro l  problems. 

Regardless o f  the extreme problem, ca re fu l  profess ional  judgement must 
be exerc ised when making model a p p l i c a t i o n  and i n t e r p r e t i n g  the  r e s u l t s .  
For  example, a phys ica l  chemist w i thou t  experience and knowledge i n  a g r i c u l -  
t u r a l  product ion methods and the  associated e f f e c t s  could n o t  be expected t o  
apply and i n t e r p r e t  r e s u l t s  from the hydrology o r  eros ion components. This 
i s  no t  r e s t r i c t e d  t o  CREAMS, b u t  appl ies t o  a l l  models. The system being 
modeled i s  very complex, and t h e  associated i n t e r a c t i o n s  a re  d i f f i c u l t  t o  
represent and assess. 



Figure 1. U.S. Department of Agriculture textural 
classif ication chart 



Table 1. Mean physical p roper t ies  of s o i l s  

Texture Vol ume ( i n / i n )  

Bulk  Tota l  F i e l d  W i l  t i n g  
Density Poros i t y  Capacity Po in t  AWC FUL CONA 
gm/ on 1/3 b a r  15 bar  

Coarse sand 

Sand 

Fine sand 

V. f i n e  sand 

L. coarse sand 

Loamy sand 

Loamy f. sand 

L.v.f. sand 

Coarse s. loam 

Sandy 1 oam 

F. sandy loam 

V . f .  sandy loam 

Loam 

S i l t  loam 

S i l t  

Sandy c l a y  1 oam 

Cl ay 1 oam 

Si 1 t y  c l a y  1 oam 

Sandy c l a y  

S i  1 t y  c l a y  

Clay 

Table 2.  Ranges o f  e f f e c t i v e  saturated c o n d u c t i v i t y  o f  s o i l s  by 
hydro1 og ic  group 

Hydrologic Group RC ( i n / h r )  



An example of application fo r  extreme conditions i s  represented by one 
in the United States where the Soi 1 Conservation Service used CREAMS to con- 
s ider  a wide range of management practices (USDA. 1981 ) .  The water quali ty 
problem was related to adsorbed pesticide transport into a lake. The soil  
was a deep, structureless loess with l i t t l e  organic matter and high erosion 
potential .  Soil conditions were such that ,  even though the soil  prof i le  was 
deep, management practices over many years resulted in compaction and an 
effective root depth of 8 inches (20 cm). The watershed drainage area was 
430 km2 with approximately 63 percent cropland. Soils  and topographic maps 
showed there was a single dominant soil  type. After minimum reconnaisance 
of the area,  Soil Conservation Service technical specia l i s ts  decided tha t  
three f i e ld  topographic conditions were reasonably representative of the 
watershed. Three representative f i e lds ,  ranging from approximately 2 to  9 ha. 
in s i ze  were selected fo r  application of CREAMS. A local 20-year daily 
cl imatic record was obtained. Average annual precipitat ion i s  approximately 
1400 mn. Information on exist ing management practices was obtained for a 
comparison, and a1 ternative management practices,  both mechanical and agro- 
nomic, were developed for simulation. The selections resulted in more than 
90 individual simulation runs to evaluate the respective hydrology, erosion, 
and chemistry response. Management practices were ranked by sediment yield 
and adsorbed chemical yield to se l ec t  options fo r  nonpoint source pollution 
reduction to some acceptable level .  Alternative management options were 
presented to farmers of the watershed f o r  the i r  consideration re la t ive  to 
the i r  personal economic constraints. Cost-sharing practices have been 
planned and the project will be implemented in 1983 based upon CREAMS 
application and professional interpretation of resul ts .  

This represents a recomnended application of an ext rem problem. Simula- 
tions were made for  representative f ie lds  to develop a1 ternate management 
s t ra tegies  for a large watershed. 

CASE STUDY APPLICATIONS OF CREAMS 

The foregoing discussion and comnents are  general in nature, and do not 
apply to any specific case study. The remainder of t h i s  paper will be dis- 
cussions of each specific study. 

CZECHOSLOVAKIA 

Two case studies were made in Czechoslovakia using the CREAMS model. 
The f i r s t  study (but published l a t e r )  was on the Samsin research area (Holy 
e t  a l . ,  1982). and the second was on the  Sedlicky Brook small watershed 
(Holy e t  a1 ., 1981). Some parameters calibrated fo r  the Samsin f i e ld  were 
used in the application for  the mixed land use Sedlicky watershed. In the 
CSSR case study (Holy e t  a1 . , 1982). the authors c i t e  several examples 
where the computer program input/output d i f fers  from the description given 
in the user manual (Knisel , 1980). 'This discrepancy resul ts  from the timing 
of the study and the time of the model pub1 ication.  In 1979. the CREAMS 
mdel was well into the development and a d ra f t  of the publication was 
available f o r  use. In June of tha t  year, the computer program was stored 
on the IIASA computer fo r  sc i en t i s t s '  use. During the next 9 months before 
final publication, the model developers found i t  necessary to  make some 
changes i n  the program computational procedures, and as a resul t ,  some revi- 
sion of input and output was needed. These revisions were made prior to 



p u b l i c a t i o n  i n  1980. At  t h a t  time, copies o f  the p u b l i c a t i o n  and a new program 
were brought t o  IIASA. The CSSR case study used the f i r s t  model vers ion on 
the  computer. Hany o f  the computer runs had been made by the  l a t t e r  date, 
and they were n o t  rerun w i t h  the  l a t e s t  version, Holy e t  a l .  (1982) d i s -  
cussions o f  the model r e l a t e  t o  the  advanced program and the f i n a l  pub1 i ca -  
t ion.  Results o f  s imu la t ion  using the  two computer programs would no t  be 
s i g n i f i c a n t l y  d i f f e r e n t .  

Est imat ion o f  the  parameter FUL requi res some c l a r i f i c a t i o n .  The case 
study (MS. p. 53) gave 

F i e l  d  capaci ty  
FUL = 

Upper 1 imi  t o f  storage 

and f i e l d  capaci ty  i s  def ined as the  s o i l  water content  a f t e r  g r a v i t a t i o n a l  
water has drained. This d e f i n i t i o n  i s  s l i g h t l y  i n c o r r e c t  f o r  FUL s ince the 
f i e l d  capaci ty  inc ludes hydroscopic water t h a t  i s  n o t  a v a i l a b l e  to p lants ,  
e.g., BR15. FUL should be def ined (computational l y )  as: 

F i e l  d  capaci ty  - BR15 F i e l d  capac i t y  - BR15 
FUL = - 

Upper 1 i m i t  o f  storage Poros i t y  - BR15 

where f i e l d  capac i t y  minus BR15 i s  the p lan t -ava i lab le  water.  FLlL by t h i s  
c a l c u l a t i o n  w i l l  be s l i g h t l y  l e s s  than t h a t  est imated by Holy e t  a l .  (1982). 
This d i f f e r e n c e  a f f e c t s  percolat ion,  s ince v o l m t r i c  p e r c o l a t i o n  b a s i c a l l y  
i s  (1 - FUL). 

The f i r s t  appl i c a t i o n  o f  t h e  CREAMS model (Holy e t  a1 . . 1982) i n  the  
CSSR was on the  6 ha. Samsin catchment where observed data e r e  a v a i l a b l e  
f o r  hydrology and erosion. Observed data from t h e  152.7 k a  Trnaka water- 
shed were used t o  evaluate the p l a n t  n u t r i e n t  component. Results o f  the 
case study showed t h a t  average annual r u n o f f  simulated was 15% l e s s  than 
observed, whereas average annual eros ion simulated was 29% l e s s  than observed. 
There was very low eros ion f o r  the per iod o f  s imu la t ion .  Runoff and leached 
n i t rogen  simulated f o r  the Samsin catchment was 7% grea te r  than t h a t  observed 
i n  the  Trnaka watershed. I t was concluded t h a t  the model can be an e f f e c t i v e  
too l  f o r  the d e s c r i p t i o n  o f  the  hydrology, erosion, and chemistry components, 
b u t  c a l i b r a t i o n  i s  needed where data are ava i lab le .  

The second a p p l i c a t i o n  o f  CREAMS, on the Sedl i c k y  Brook watershed (Holy 
e t  a l . ,  1981 ), was made to evaluate the eros ion and p l a n t  n u t r i e n t  processes. 
Observation data were a v a i l a b l e  f o r  several s i t e s  i n  the  watershed. Compa- 
r i s o n  o f  observed and simulated data showed good agreement, and i t  was con- 
cluded t h a t  CREAMS can be used e f f e c t i v e l y  fo r  eros ion and p l a n t  n u t r i e n t  
processes on small watersheds as we l l  as f o r  f i e l d s .  

FEDERAL REPUBLIC OF GERMANY 

App l i ca t ion  o f  the  CREAMS model i n  the FRG case study i d e n t i f i e d  a 
problem s i m i l a r l y  detected dur ing an a p p l i c a t i o n  on fo res ted  areas o f  the  
USA. The hydro log ic  and p l a n t  n u t r i e n t  components were used i n  the  FRG 



study. I n  the hydrology component, the  empir ica l  r e l a t i onsh ip  f o r  po ten t ia l  
evaporat ion was modif ied t o  g ive  a 25% reduct ion i n  po ten t i a l .  The modi f ica-  
t i o n  resu l ted  i n  more favorable comparisons w i t h  observed data. Further, 
perco la t ion  was underestimated by CREAMS. Since po ten t i a l  evaporat ion i s  
overestimated, and t h i s  i s  a p a r t  o f  the water balance, an under-predict ion 
o f  perco la t ion  would be expected. 

I n  t he  USA, CREAMS model t es t s  on forested watersheds showed s i m i l a r  
resu l ts :  w i t h  a measured LA1 o f  5.5, t r ansp i r a t i on  i n  the  model occurs a t  
the po ten t i a l  rate*. F i e l d  observations showed less  t r ansp i r a t i on  than the  
model simulated. The explanation i s  t h a t  h igh- level  f o r e s t  canopy and dense 
undergrowth reduced the evaporat ive f l ux. Caution, o r  modi f icat ions,  should 
be exercised i n  f u t u re  app l i ca t ions .  

Resul t s  o f  the p l a n t  n u t r i e n t  component i n  the FRG case study are both 
g r a t i f y i n g  and reveal ing.  CREAMS had n o t  been tested where such high con- 
cen t ra t ions  o f  n i t r a t e  leached. The study r esu l t s  c e r t a i n l y  i nd i ca te  the 
r i g h t  order  o f  magnitude. Actual ly ,  these resu l t s  are somewhat misleading. 
The average annual v o l w  o f  perco la t ion  and repor ted mean annual n i t r a t e  
concentrat ion ind ica tes  a h igh n i t r a t e  l oad  i n  groundwater (both observed 
and simulated). For example, convert ing these data t o  load o f  n i t r a t e  
resul  t s  i n  an observed average annual value o f  884 kg N03/ha. The t o t a l  
f e r t i l i z e r  N appl ied over a 4-year per iod was 377 kg N/ha per  year. Con- 
vers ion o f  NO3 to NO3-N gives 200 kg N03-N/ha per  year  leached. This leaves 
an average o f  177 kg N/ha f o r  p l a n t  uptake and d e n i t r i f i c a t i o n  as the p r i n -  
c i pa l  components i n  the n i t rogen  balance. With the  h igh perco la t ion  rates, 
s o i l  water content  remains h igh enough dur ing the  year to account f o r  con- 
s iderable d e n i t r i f i c a t i o n .  The p o i n t  o f  t h i s  discussion i s  t h a t  the ground- 
water from outs ide the sur face drainage area m y  have a s u f f i c i e n t  i n t e r -  
ac t i on  t o  in f luence  the  water q u a l i t y  o f  the t o t a l  system, and care must be 
taken t o  i n t e r p r e t  the  model r esu l t s  w i t h  the rea l  system represented. 

Fol lowing the desi red model va l i da t i on  f o r  the FRG condi t ions,  the  case 
study made exce l len t  use o f  CREAMS, as envisioned by the  model developers, 
t o  consider a1 te rna te  f e r t i l  i z e r  management s t ra teg ies .  A 20-year c l  i rnat ic 
record was used to  s i m l a t e  n i t r a t e  leaching from the  ag r i cu l t u ra l  f i e l d .  
The repor ted r esu l t s  f o r  corn shows s i gn i f i can t  reduct ion o f  NO3 concentra- 
t i ons  when three f e r t i l i z e r  app l i ca t ions  per  year  were made. The d i f fe rence  
between the average 1 eached n i t r a t e  concentrat ion (1 10 kg/ha versus 130 kg/ha) 
may no t  be s t a t i s t i c a l l y  o r  t echn i ca l l y  s i gn i f i can t ,  bu t  d i f ferences i n  
monthly average concentrat ions c e r t a i n l y  are s i g n i f i c a n t .  S im i l a r  compari- 
sons f o r  w in te r  bar ley  do n o t  reveal such s ign i f i cance .  The repo r t i ng  o f  
resu l ts ,  i n  t h i s  case study, average annual o r  average monthly values, must 
be c a r e f u l l y  examined i n  o rder  no t  t o  d isguise s i g n i f i c a n t  features.  The 
est imated leaching funct ions are q u i t e  useful t o  planners f o r  improving 
water qua1 i t y .  The general conclusion was t h a t  a f t e r  modifying the  po ten t i a l  
evaporat ion coe f f f c ien t ,  CmAMS could be used e f f e c t i v e l y  t o  consider manage- 
ment p rac t i ces  re1 ated t o  n i t r a t e  1 eaching problems. 

FINLAND 

Appl i c a t i o n  o f  CREAMS on the  Hovi basin i n  F in land i s  d i f f i c u l t  i n  t ha t  
more than one crop i s  grown each year. The respect ive areas of  wheat, bar- 
ley,  and oats do no t  sum up t o  the  nunber o f  hectares i n  the  basin, and the 

 u utter, W.L. (1982). Personal comnunication, Un ivers i t y  of Georgia, Athens. 
Georgia. 



remaining land use i s  not  known. Leaf area index (LAI)  d i f f e r s  f o r  the 
three crops and i t  was n o t  s ta ted  how t h e  LA1 was used, t h a t  i s ,  weighted 
by crop area, f o r  one crop only ,  o r  what was used. Since t h e  three crops 
are c l o s e l y  r e l a t e d  cereals, the r e s u l t s  o f  hydrology a p p l i c a t i o n  may no t  
be ser ious ly  i n  e r r o r .  I f  f e r t i l i z e r  was app l ied  a t  d i f f e r e n t  ra tes,  there 
may be a 1 arger  discrepancy i n  n i t rogen  losses.  Comparative resul  t s  between 
observed basin discharge and simulated r u n o f f  p l  us perco la t ion  were re1 a t i v e -  
l y  good. 

The s i m p l i f i e d  mod i f i ca t ion  o f  p r e c i p i t a t i o n  f o r  snow i s  r a t h e r  unique. 
Use o f  the l a t e s t  model vers ion should n o t  r e q u i r e  t h i s  data mod i f i ca t ion .  
The r e l a t i v e  t ime between observed discharge and s imulated r u n o f f  p lus per- 
c o l a t i o n  i s  t o  be expected as CREAMS does n o t  m u t e  t h e  components. Model 
s imu la t ion  considers o n l y  movement o f  water through the r o o t  zone. Some 
t ime element i s  necessary f o r  perco late t o  f low l a t e r a l l y  t o  t h e  drainage 
d i t c h .  

The n u t r i e n t  l o s s  simulated values do n o t  agree we1 1 w i t h  observed 
losses and i n t e r p r e t a t i o n s  are d i f f i c u l  t. I t  was po in ted  o u t  t h a t  sample 
c o l l e c t i o n  may n o t  have been adequate. This i s  true, b u t  o ther  fac to rs  
may be involved.  For instance, the bas in drainage system and organic  carbon 
content  m y  r e s u l t  i n  f u r t h e r  d e n i t r i f i c a t i o n  losses and causes erroneous 
c a l c u l a t i o n  o f  loads. 

Another d i f f i c u l t y  t h a t  occurs i n  i n t e r p r e t i n g  r e s u l t s  i s  ex t rapo la t ion  
on a u n i t  bas is .  For example, t h e  Hovi bas in i s  12 ha i n  s i z e  which i s  
0.12 km2. CREAMS chemical c a l c u l a t i o n  are i n  kg/ha such t h a t  m u l t i p l i c a t i o n  
by 100 i s  necessary to determine kg/k&. The orders o f  magnitude d i f fe rences  
are no t  merely u n i t s  o f  measure, b u t  represent  a  sca le  on which the  u n i t s  
are measured. Ni t rogen f e r t i l i z e r  a p p l i c a t i o n  ra tes  o f  26 and 32 kg/ha 
were repor ted i n  1968 and 1969, respec t i ve ly .  These are 2600 and 3200 kg/kn?: 
numerical orders o f  magnitude and scale. Comparative r e s u l t s  f o r  eros ion 
and p l a n t  n u t r i e n t s  between observat ion and s imu la t ion  a re  n o t  as over- 
whelming when scale i s  removed. 

L i thuania,  USSR 

The case study i n  L i thuania,  represents a reg ional  a p p l i c a t i o n  o f  the 
CREAMS model w i t h  weight ing o f  model ou tpu t  by respect ive area o f  l and  use 
to e s t i m t e  aggregate bas in response. Also, the  appl i c a t i o n  recognizes 
CREAMS as a t o o l  i n  a  l a r g e r  h ierarchy of models t o  a i d  i n  decision-making 
processes. The s e l e c t i o n  o f  a  represen ta t i ve  basin p r o f i l e  to o b t a i n  f i e l d -  
s i ze  areas by slope segment i s  an excel l e n t  sampl i n g  method. The o n l y  prob- 
lem, i n  i s o l a t i n g  each slope segment t o  represent a  f i e l d ,  might  be t h a t  
r u n o f f  from one segment actual l y  cascades onto the next  topographica l ly  
lower segment. I f  t h i s  i s  t h e  case. CREAMS would no t  be capable o f  p rov id ing  
the  c o r r e c t  response. If f low from one segment does no t  cascade onto the  
next, then t h e w  i s  no problem. 

Results repor ted  i n  the study appear reasonable from the view o f  tech- 
n i c a l  l o g i c .  The o n l y  uncer ta in ty  about t h e  a p p l i c a t i o n  r e l a t e s  t o  the  peat 
s o i l .  CREAMS has n o t  been tes ted  w i t h  data from organ ic -so i l  watersheds. 
The o n l y  r e s u l t s  f o r  peat s o i l s  shown f o r  the  case study i s  f o r  hydrology. 
and i n t u i t i v e l y  the  values appear to  be i n  the r i g h t  o rder  o f  magnitude 
r e l a t i v e  t o  o t h e r  s o i l s .  I f  t h e  m d e l  parameters f o r  pea t  s o i l  can be ob- 
tained, then hydrology resul  ts should be r e l a t i v e 1  y  good. The uncer ta in ty  



of model a p p l i c a b i l i t y  r e l a t e s  to  eros ion and chemistry. CREAMS was developed 
f o r  a p p l i c a t i o n  on mineral s o i l s .  'The h igh organic mat te r  content may cause 
d i s t o r t i o n  o f  the eros ion r e l a t i o n s h i p s .  Also, such a h igh organic  carbon 
content c e r t a i n l y  would a f f e c t  the n i t r o g e n  cycle, and r e s u l t s  from these 
processes would be doubtful  , t h a t  i s ,  m i n e r a l i z a t i o n  and deni ti f i c a t i o n .  
Since CREAMS does no t  inc lude the process o f  n i t r a t e  imnob i l i za t ion ,  the 
o ther  processes may tend t o  ge t  o u t  o f  balance. 

A problem t h a t  must be kept  i n  mind when combining r e s u l t s  from CREAMS 
elements to represent  a bas in i s  t h a t  o f  rou t ing .  Since the model operates 
w i t h  r a i n f a l l ,  runo f f ,  and perco la t ion  volumes r a t h e r  than rates,  combining 
volumes f o r  the  bas in i s  a l l  r i g h t .  The problem i s  r e l a t e d  t o  r o u t i n g  o f  
sediment and non-conservative chemicals, t h a t  i s ,  depos i t i on  o r  f u r t h e r  
eros ion o f  sediment o r  movement o f  chemicals t h a t  decay o r  t h a t  may be 
transformed en route t o  the bas in  o u t l e t .  Comparison o f  aggregated r e s u l t s  
w i t h  observed data may n o t  be good i n  t h a t  s i t u a t i o n .  

The CREAMS model was app l ied  f o r  the  small Davi la  watershed i n  the 
Utena reg ion  o f  L i thuania,  USSR. Although comparative r e s u l t s  were n o t  g iven 
i n  the case study, i t  was concluded t h a t  the model gives comprehensive descr ip-  
t i o n s  o f  the hydrologic, erosion, and chemical processes. CREAMS hydrology 
resu l t s ,  combined by land use f o r  the whole Utena region, compared very we l l  
w i t h  the water balance components ca lcu lated,  using observed p r e c i p i t a t i o n  
and r u n o f f  i n  another study. This case study attempted t o  apply  CREAMS t o  
reg ional  problems, b u t  complete methodology o f  t r a n s f e r r i n g  f i e l  d-1 eve1 
data t o  reg ional  l e v e l s  was n o t  solved. Since the  c l imate  o f  L i thuan ia  i s  
s i m i l a r  t o  t h a t  o f  Finland, s i m i l a r  problems were recognized f o r  snow accumula- 
t i on ,  snowmelt, and f rozen s o i l .  

POLAND 

Some misunderstanding occurred i n  the  appl i c a t i o n  o f  CREAMS f o r  the 
Notec River va l ley* .  This should be c l a r i f i e d  f o r  poss ib le  f u t u r e  model 
use. The hydrology component o f  CREAMS gives averages o f  water balance 
components f o r  the per iod o f  s imulat ion.  I n  the  model s t ruc tu re ,  an a r b i t r a r y  
dec is ion  was made t o  consider a maximum of 20 years f o r  one s imu la t ion  period. 
The f i n a l  s o i l  water content, a t  the end o f  a 20-year run can be used t o  
est imate i n i t i a l  condi t ions (parameter BST) f o r  another 20-year per iod.  
Resul t ing pass f i l e s  can be l i n k e d  together  f o r  the eros ion and chemistry 
components. These two components do n o t  perform averaging ca lcu la t ions ,  
and ou tpu t  i s  sumned f o r  each process, e.g., erosion. n i t rogen  uptake, 
m inera l i za t ion ,  e tc .  I f  a 50-year p r e c i p i t a t i o n  record i s  a v a i l a b l e  f o r  
the appl i c a t i o n ,  th ree  separate runs f o r  20, 20, and 10 years must be made. 
Average annual and monthly values o f  runoff ,  ET, perco la t ion ,  e tc . ,  must be 
recomputed f o r  the  t o t a l  50-year per iod.  The th ree  hydrology pass f i l e s  
can be merged to g ive  a s i n g l e  pass f i l e  f o r  the 50-year per iod  and run 
for  erosion. An a l t e r n a t i v e  i s  to make th ree  separate runs f o r  eros ion and 
sum the r e s u l t s .  The f a c t  i s :  20 years i s  the  maximum record per iod f o r  a 
s i n g l e  hydrology simulat ion, bu t  combined s imu la t ion  runs can be made t o  
u t i  1 i z e  any record per iod  desired. 

*personal comnunication between W.G. Knisel and A. Sapek, and a lso  between 
W.G. Knisel and V.  Svetlosanov. 



App l i ca t ion  o f  the  CREAMS hydrology Option 1  f o r  a  crop r o t a t i o n  does 
n o t  present a  problem f o r  changing the SCS curve number. As ind ica ted  i n  
the t a b l e  o f  parameter values for  l i g h t - t e x t u r e d  s o i l s  o f  the Notec River  
va l ley ,  curve numbers range from 67 t o  78. I t i s  n o t  necessary t o  make f o u r  
separate 1-year s imulat ions to  change curve number. The curve number para- 
meter merely places a  lower l i m i t  f o r  es t imat ing  t h e  ac tua l  curve number 
f o r  i n d i v i d u a l  storms. The curve number, and extended c a l c u l a t i o n s  t o  
est imate r u n o f f ,  i s  a  func t ion  o f  a v a i l a b l e  water storage i n  the  s o i l  p r o f i l e  
on a  day when r a i n f a l l  occurs. Therefore, t h i s  a p p l i c a t i o n  would use a  value 
o f  67 f o r  the  parameter CN2. No f u r t h e r  adjustments a re  necessary. During 
each year  o f  s imulat ion,  the re  i s  some t ime per iod  i n  which the  s o i l  i s  bare, 
t h a t  i s ,  f a l l o w .  For bare, f a l l o w  condi t ions,  the curve number would be 
approximately 80, b u t  i t  i s  n o t  necessary t o  run f a l l o w  and growing crop 
per iods separate1 y .  

Discussion o f  the  case study r e s u l t s  noted poss ib le  d i f fe rences  i n  crop 
y i e l d s  and n i t rogen  uptake between USA and European cond i t i ons .  CREAMS uses 
p o t e n t i a l  y i e l d  and p l a n t  water use t o  est imate n i t rogen  uptake, and poten- 
t i a l  y i e l d  i s  an index as opposed to  an absolute crop y i e l d .  Management 
p rac t i ces  have a  carry-over e f fec t  on crop product ion. That i s ,  i f  f e r t i l  i- 
t y  i s  maintained a t  a  h igh l e v e l  on a  f i e l d  f o r  a  per iod  o f  years, h igher  
than "normal " crop y i e l d s  would be :xpected. The reverse i s  a lso  t rue;  
low f e r t i l i t y  r e s u l t s  i n  l e s s  than n o m l "  y i e l d s .  O f  course, t h i s  i s  a  
f u n c t i o n  o f  c l ima te  as w e l l .  Professional judgement must be used i n  e s t i -  
mating parameter values t h a t  r e f l e c t  previous management p rac t i ces .  

CREAMS was a p p l i e d  t o  evaluate n i t rogen  losses from a  f i e l d  i n  the  
Notec River  va l ley ,  Poland, w i t h  a  20-year s imu la t ion .  The r e s u l t s  showed 
h igh leaching o f  n i t r a t e ,  and the present management p rac t i ces  may n o t  be 
the most economical f e r t i l i z e r  p rac t i ces  and they may cause a  t h r e a t  t o  
water q u a l i t y .  

SWEDEN 

The Swedish case study i l l u s t r a t e s  a  s i t u a t i o n  where a  d e f i n i t e  water 
q u a l i t y  problem has been i d e n t i f i e d ,  and there i s  s u f f i c i e n t  na t iona l  con- 
cern t o  implement research and model a p p l i c a t i o n  t o  develop management prac- 
t i c e s  f o r  problem so lu t ion .  CREAMS was e f f e c t i v e l y  used i n  t h e  study t o  
prov ide i n s i g h t  i n t o  the problem. App l i ca t ion  f o r  the Kdvl inge River  basin 
requ i res  two p o i n t s  o f  d iscuss ion concerning supplemental i r r i g a t i o n  f o r  
1  i ght- and heavy-textured so i  1  s .  

S p r i n k l e r  i r r i g a t i o n  i s  necessary f o r  sandy s o i l s  t o  prov ide uni form 
water appl i c a t i o n  over a  f i e 1  d. The normal l y  h igh  i n f i l t r a t i o n  charac te r i s -  
t i c s  genera l l y  do n o t  r e s u l t  i n  over i r r i g a t i o n ,  t h a t  i s ,  causing r u n o f f .  
I r r i g a t i o n  amounts can be i n p u t  on s p e c i f i c  days i n  t h e  p r e c i p i t a t i o n  data 
f i l e s  as was done i n  t h i s  study. This a p p l i c a t i o n  i s  good. I n  the USA, 
the CREAMS model was mod i f ied  t o  i n t e r n a l l y  determine the date t o  i r r i g a t e  
and amount of i r r i g a t i o n  water requi red t o  s a t i s f y  the s o i l  water d e f i c i t  
(DelVecchio and Knisel , forthcoming). S imulat ion f o r  d i f f e r e n t  management 
pract ices,  w i t h  and w i thou t  i r r i g a t i o n ,  prov ide est imates of the  e f f e c t s  o f  
i r r i g a t i o n .  

The Swedish case study f o r  i r r i g a t i o n  o f  wheat on c l a y  s o i l  may pose 
some problems. I f  s p r i n k l e r  i r r i g a t i o n  i s  used, there i s  no problem because 
spr ink le r -app l ied  water generates water drop energy f o r  s o i l  detachment. 



However, i f  i r r i g a t i o n  o f  c l a y  s o i l s  i s  by f l o o d i n g  where water i s  app l ied  
from a d i t c h  o r  canal, and i f  o v e r - i r r i g a t i o n  resul  t s  i n  runo f f ,  the eros ion 
component o f  CREAMS would n o t  g ive good r e s u l t s .  F i r s t ,  there are no simu- 
l a t e d  raindrops and r a i n f a l l  energy f o r  s o i l  deatchment i s  zero. Erosion 
occurs as detachment o f  s o i l  p a r t i c l e s  by shear s t ress  o f  the  advancing 
f low. Next, the hydrau l i cs  o f  the CREAMS eros ion component does no t  match 
the  r e a l  cond i t i on .  CREAMS assumes a r u n o f f  generat ion process t h a t  r e s u l t s  
i n  s p a t i a l l y  va r ied  un i fo rm ly  increasing discharge. I n  a c t u a l i t y ,  the re- 
verse i s  t rue .  'That i s ,  w i t h  f lood- type i r r i g a t i o n ,  the  process i s  such 
t h a t  f l o w  i s  s p a t i a l l y  va r ied  un i fo rm ly  decreasing. The resul  t i n g  energy 
gradel ines are completely d i f f e r e n t  f o r  the two hydrau l i c  cond i t i ons  and 
ca lcu la ted  shear s t ress  would be over-estimated. Also, the peak r a t e  o f  
discharge as used i n  CREAMS i s  t h a t  f o r  the o u t l e t  o f  the f i e l d  which poten- 
t i a l l y  has the g rea tes t  t ranspor t  capaci ty  depending upon slope. The peak 
f low f o r  f lood- type i r r i g a t i o n  i s  a  constant  ra te ,  b u t  m r e  important,  i t  
occurs a t  the d i t c h  o r  canal, which i s  a t  the beginning o f  the slope and 
n o t  a t  the end. 

The case study invo lved  a p p l i c a t i o n  o f  the  CREAMS m d e l  t o  ev l u a t e  
n i t r a t e  leaching f o r  s o i l s  and management represen ta t i ve  o f  the  Sk d ne region 
o f  Sweden. A1 though s p e c i f i c  f i e l d  data were n o t  a v a i l  ab le f o r  model v e r i f i c a -  
t ion,  i t  was concluded t h a t  annual n i t r a t e  leaching from s imu la t ion  agreed 
r e l a t i v e l y  we1 1 w i t h  observed values. Results o f  s imu la t ion  w i t h  d a i l y  
r a i n f a l l  and w i t h  d a i l y  r a i n f a l l  p l  us i r r i g a t i o n  showed t h a t  suppl emental 
i r r i g a t i o n  may n o t  be as serious f o r  n i t r a t e  leach ing  as was thought. I t  
was concluded that,  a1 though CREAMS i s  n o t  a  p r e d i c t i o n  model i n  absol u te  
quan t i t i es ,  i t  i s  a model t h a t  can be used t o  evaluate d i f f e r e n t  management 
p rac t i ces .  The model should be evaluated w i t h  research data. 

UNITED KINGDOM 

I n  a d d i t i o n  t o  the UK case study inc luded i n  t h i s  pub l i ca t ion ,  an 
e a r l i e r  study (Morgan, 1980) i s  a lso discussed. The e a r l i e r  paper was con- 
f i ned  t o  eros ion and the present paper considers hydrology as w e l l .  

A p p l i c a t i o n  o f  the CREAMS model on the eros ion p l o t s  a t  S i l soe  i s  a  
r a t h e r  unique mod i f i ca t ion .  F i r s t .  CREAMS was n o t  developed f o r  appl i c a t i o n  
on such a small area as 10 d o r  1 d .  A 1 m2 area i s  analogous t o  a r a i n -  
fa1 1 s imu la to r  p l o t ,  and response i s  p r a c t i c a l 1  y  instantaneous. The s c i e n t i s t s  
recognized t h a t  peak r u n o f f  ra tes  est imated i n  the CREAMS model would n o t  be 
v a l i d .  Considerat ion o f  the r i l l s  on the experimental p l o t s  as being equi- 
v a l e n t  t o  concentrated f low i n  the  model probably i s  a  v a l i d  assumption. A 
more ser ious quest ion r e l a t e s  t o  t h e  def ined over land f l o w  r o f i l e  and leng th  k o f  "channel " ( r i l l  ) f o r  an assumed c o n t r i b u t i n g  area o f  1  m w i t h  a slope 
leng th  o f  1  m. The channel leng th  was n o t  given. I t  appears t h a t  parameter 
d i s t o r t i o n  may be s i g n i f i c a n t  and the r e s u l t s  o f  s imu la t ion  may r e f l e c t  t h i s  
t o  some extent .  

C o m n t s  on some o f  the statements made i n  the paper and some parameter 
values may be h e l p f u l  t o  the s c i e n t i s t s  i n  f u t u r e  app l i ca t ions .  These r e l a t e  
to the hydrology component. 

I t  was ind ica ted  t h a t  the  CREAMS hydrology component would n o t  run w i t h  
year- long values o f  LA1 = 0. This i s  a  computer-dependent problem t h a t  
r e s u l t s  i n  a program ABEND--abnormal end o f  program execution. Wi th in  the 
model, the LA1 i s  d iv ided  by the maximum LA1 dur ing  the  year  merely t o  deter-  
mine the decimal f r a c t i o n  o f  each day's LA1 t o  the maximum value. Some 



computer systems stop execution because of the  e r r o r  sever i t y ,  wh i le  o ther  
operat ing systems apply a "Standard Fixup". S imulat ion resul  t s ,  t h a t  i s .  
s o i l  water evaporation, runo f f ,  perco lat ion,  etc.,  are n o t  a f f e c t e d  by 
the  standard f i x .  'The computer job  runs and the r e s u l t s  are c o r r e c t .  This 
was tested on IBM and CYBER computers. A very small value o f  LA1 f o r  1  day 
w i l l  prevent the f a t a l  e r r o r  from occurr ing.  For e x a m ~ l  e, LA1 = 0 on day 
364, LA1 = 0.01 on day 365, and LA1 = 0 on day 366 w i l l  prevent  execution 
terminat ion,  and the r e s u l t s  w i l l  be p r a c t i c a l l y  i d e n t i c a l  w i t h  those from 
standard f i x e s .  The method used by the  authors i s  s a t i s f a c t o r y  and it d i d  
n o t  adversely a f f e c t  the resu l t s ,  

Caution must be exercised when s imu la t ing  a shal low s o i l  p r o f i l e  and 
low e f f e c t i v e  r o o t  depth (RD). Tests have been made i n  t h e  USA fo r  RD = 6 
inches and execution f a i l e d .  This i s  s o i l  dependent, b u t  i r r e s p e c t i v e  o f  
s o i l ,  a  6- inch r o o t  zone r e s u l t s  i n  a top l a y e r  thickness o f  1 /6 inch  which 
has i n f i n i t e s i m a l l y  small water storage c h a r a c t e r i s t i c s .  Overa l l  model 
i n t e r a c t i o n s  a f f e c t  the  lower l i m i t .  

It was s ta ted  t h a t  r u n o f f  i s  independent o f  drainage area s ize .  Runoff 
volume est imated i n  the model i s  expressed as an equ iva len t  depth o f  r u n o f f  
over t h e  f i e l d ,  and as such, i t  i s  independent o f  area. Peak ra tes  o f  run- 
o f f  are d i r e c t l y  r e l a t e d  t o  drainage area r a i s e d  t o  a power. 

The CREAMS model was app l ied  on the  bare, fa l l ow,  e ros ion  p l o t  a t  S i lsoe,  
Bedfordshi re, UK. I t  was concl uded, from comparing t h e  hydrology component 
s imu la t ion  r e s u l t s  w i t h  observed runo f f ,  t h a t  CREAMS i s  promising as a t o o l  
f o r  s imulat ion,  b u t  t h a t  i t  should be c a l i b r a t e d  f o r  the c o n d i t i o n  there.  
Add i t i ona l  s tud ies are des i red f o r  wood1 ands, grasslands, d is tu rbed  lands, 
and rec rea t iona l  areas, and e f f o r t s  should be made t o  d e f i n e  b e t t e r  some 
model parameters f o r  UK condi t i ons  . 

The eros ion submodel was evaluated w i t h  data from 33 storms over an 
8-year per iod.  Good c o r r e l a t i o n  was achieved between simulated and observed 
storm erosion. As i n  the hydrology component, the eros ion submodel showed 
promise as a t o o l  f o r  UK condi t ions,  and f u r t h e r  ana lys is  i s  des i red  f o r  
a l l  p l o t s  w i t h  slopes o f  30 t o  110. 

The appl i c a t i o n s  o f  the CREAMS m d e l  i n  these case s tud ies  have r e s u l t e d  
i n  i d e n t i f i c a t i o n  o f  model l i m i t a t i o n s  and areas which c a l l  f o r  improvements. 
Also, they have shown t h a t  CREAMS gives genera l l y  good r e s u l t s  and the model 
i s  a  too l  t h a t  can be used t o  a i d  i n  development o f  a g r i c u l t u r a l  management 
p rac t i ces  f o r  nonpoint  source p o l l u t i o n  c o n t r o l .  Val i d a t i o n  w i t h  observed 
data has shown t h a t  CREAMS i s  a s u i t a b l e  model f o r  e x t r a p o l a t i n g  research 
r e s u l t s  to o t h e r  c l i m a t i c  and s o i l  regions. A1 though the  model gives rea- 
sonable r e s u l t s  i n  s imulat ion,  i t  i s  des i rab le  t o  c a l i b r a t e  i t  w i t h  data 
where poss ib le .  
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INTROWCTION 

The CREAMS m d e l  was developed as a s ta te -o f - the-a r t  model t o  evaluate 
nonpoint source p o l l u t i o n  from f i e l d - s i z e  areas (Knisel.  1980). It repre- 
sented an assembly o f  r ead i l y  ava i lab le  components, o r  mod i f i ca t ion  and 
adaptat ion o f  elements w i t h i n  a sho r t  t ime frame, so as t o  be ava i l ab l e  t o  
users. Although CREAMS has proven t o  be a good t oo l  f o r  users t o  evaluate 
e f f e c t s  o f  a g r i c u l t u r a l  management p rac t i ces  on nonpoint source pol 1 ut ion,  
i t  was recognized as having many l i m i t a t i o n s .  A t  the t ime o f  pub l i ca t i on  
i n  1980, plans were made t o  improve the  model and make i t  more comprehensive. 
Feedback from users, such as the U.S. So i l  Consewation Service, Environ- 
mental Pro tec t ion  Agency, and IIASA, was expected t o  a i d  i n  i den t i f y i ng  
elements t h a t  needed replacement o r  improvement, and a1 so to i d e n t i f y  new 
elements t h a t  should be incorporated. As a r e s u l t  of discussion w i t h  these 
and o ther  users, many items were brought to the  a t t e n t i o n  o f  the s c i e n t i s t s  
who developed CREAMS, and a s i g n i f i c a n t  e f f o r t  i s  i n  progress t o  make t he  
necessary and desired improvements, bu t  d e t a i l s  o f  actual  process formula- 
t i ons  w i l l  n o t  be given. 

OVERVIEW 

The CREAMS m d e l  was developed w i t h  the idea t h a t  a user: (1)  has some 
observed data and wants to s imulate o ther  components, i.e., he has obsewed 
runo f f  data and desires to s i r ru late erosion, (2)  on l y  wants to s i r ru late 
r uno f f  and eros ion bu t  i s  n o t  in te res ted  i n  chemistry, o r  (3) desires t o  
make s i r ru lat ions f o r  a l l  components. Also, i t  was des i rab le  to be able t o  
run  the model on re1 a t i v e l y  small computers. I n  order  to meet these requi re-  
ments, i t  was considered expedient t o  separate the components and run them 
i n d i v i d u a l l y  by generat ing and using pass f i l es ,  t h a t  i s ,  generat ing a f i l e  
o f  output  such as from hydrology and l a t e r  using t h a t  f i l e  as i npu t  t o  erosion. 
This was e f f e c t i v e  b u t  i t resu l ted  i n  some l i m i t a t i o n s  such as incomplete o r  
averaged in fo rmat ion  wi thout  proper feedback from one component to another. 
For example, crop growth i s  simulated i n  the hydrology component and i s  
adjusted f o r  s o i l  water s t ress.  However, by apply ing the  p l a n t  n u t r i e n t  
component w i t h  a pass f i l e ,  crop growth cannot be adjusted f o r  n i t rogen  st ress.  
Likewise, some parameters were requi red f o r  mre than one component, such as 
temperature, s o i l  poros i ty ,  organic matter content, e t c .  Inpu t  o f  parameters 
was n o t  as stream1 ined i n  one component as they were f o r  others.  Many cards 
(1 ines)  o f  i npu t  parameters were requi red f o r  eros ion and chemistry compared 
w i t h  t h a t  f o r  hydrology. 

To overcome these 1 im i ta t ions .  CREAMS 2 w i l l  operate as a s i ng l e  package 
w i t h  appropr iate i n t e rac t i on  of components. This w i l l  e l im ina te  the  problems 
o f  f i l e  manipulat ion and cata loging bu t  w i l l  requ i re  more computer storage. 
Since output  i s  sirrul  taneous w i t h  computations t o  overcome storage, a l a rge  
t o t a l  ou tpu t  f i l e  w i l l  be generated w i t h  general sumnary data p r in ted .  The 
t o t a l  data f i l e  can be used w i t h  subsequent programs to generate repor ts  o f  
intermediate data. This w i l l  enable t he  user to g e t  a l l  a va i l ab l e  informa- 
t i o n  i n  a s i ng l e  run and be able to r e t r i e v e  intermediate data as desi red 
a t  a l a t e r  t ime. 

A management component wi 11 be i n c l  uded i n  CREAMS 2 t h a t  w i l l  re1 ieve 
t he  user from speci fy ing depth o f  t i l l a g e ,  r esu l t an t  sur face roughness, e t c .  
These elements w i l l  be a p a r t  o f  the computer program w i t h  se l ec t i on  o f  
t i l l a g e  type by appropr iate codes and dates. The dates w i l l  be used t o  



denote updates of those parameters t h a t  a re  a f fec ted  such as po ros i t y  o f  the 
t i l l e d  layer ,  Manning's n-value f o r  f l ow  retardance, and possib le change i n  
s o i l  l oss  r a t i o .  

The per iod o f  s imulat ion f o r  CREAMS 2 w i l l  n o t  be 1 imi ted.  A s ing le  
storm, such as a design storm, can be simulated w i t h  the  model, o r  1 month, 
1 year, 2 years, 10 years, 50 years, o r  whatever per iod i s  desired. The 
on l y  l i m i t  w i l l  be the amount o f  i npu t  data t h a t  a user has ava i l ab l e  o r  
t h a t  he wants to provide. 

A1 though a c l  imate generator i s  no t  inc luded i n  the model , the program 
i s  s t ruc tu red  so t h a t  a c l imate generat ion m d e l  can be used to generate 
p rec i p i t a t i on ,  radiat ion,  and maximum and minimum temperature. 

Such a generator model i s  being used i n  the Uni ted States f o r  l i m i t e d  
app l i ca t ion .  The model requi res regional parameters f o r  d a i l y  r a i n f a l l  , 
rad ia t ion ,  and temperature. Although t h e  model has been tested, parameters 
have no t  been developed f o r  many d i f f e r e n t  c l i m a t i c  regions. 

An hour ly  r a i n f a l l  model i s  being developed i n  the U.S. Department o f  
Agr icu l  ture,  Agr icu l tu ra l  Research Service. A1 though t he  model s t r uc tu re  i s  
avai lab le,  regional  parameters and regional  t e s t i n g  have no t  been completed. 

Use o f  c l  imate generators w i l l  re1 i eve  the  user o f  the burden of loca t ing  
long-term records and enter ing them i n t o  t he  computer. Also, long-term data 
(50 o r  100 years)  i s  much mare appropr iate f o r  r i s k  analys is  associated w i t h  
nonpoint source pol 1 u t ion .  

HYDROLOGY 

Some o f  the items t h a t  are discussed under t h i s  heading a re  n o t  s t r i c t l y  
hy r o l og i c  processes. However, they impact on the hydro logic  response o f  a 
management u n i t  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  Further, they may be i ns t r u -  
mental i n  o r  impact on processes o f  o ther  components. For example, a i r  and 
soi  1 temperature a f f e c t  the hydro logic  response by d i r e c t l y  a f f e c t i n g  snow- 
me1 t and i n f i l t r a t i o n ,  bu t  a1 so a f f e c t  crop growth which f u r t h e r  a f f ec t s  
s o i l  evaporat ion and p l an t  t ransp i ra t ion .  These, i n  turn,  a f f e c t  and are 
a f f ec ted  by s o i l  water content of the s o i l  which a f f e c t s  the d i v i s i o n  o f  
p r e c i p i t a t i o n  i n t o  runof f ,  i n f i l t r a t i o n ,  and percolat ion.  Therefore, CREAMS 
m d e l  improvements r e l a t ed  t o  these and poss ib ly  o ther  f ac to r s  w i l l  be d is -  
cussed under the hydrologic component. Reference w i l l  be made i n  o ther  
components where t h e i r  e f f ec t s  impact on t he  ove ra l l  response. 

The hydro logic  component o f  CREAMS 2 i s  being made more consis tent  among 
the various methods of computing runo f f ,  percolat ion,  and water balance. A 
major improvement i s  the l aye r i ng  o f  the  r o o t  zone s o i l  p r o f i l e  w i t h  the 
layers  corresponding w i t h  the  s o i l  horizons. Proper t ies,  o r  cha rac te r i s t i c s  
( texture,  poros i ty ,  water retent ion,  conduc t i v i t y ,  e tc . )  are defined for  each 
horizon, and the m d e l  f u r t h e r  d iv ides  the horizons i n t o  computational layers  
t o  improve perco la t ion  r ou t i ng  through the r o o t  zone. Such l aye r i ng  w i l l  
permi t considerat ion o f  c l  aypans, plowpans, o r  o ther  r e s t r i c t i v e  condi t ions 
t h a t  a f f e c t  the r o o t  development and water movement. So i l  l a ye r i ng  w i l l  
f u r ther  improve the model representat ion f o r  n i t rogen  transformations and 
p l an t  uptake, and the v e r t i c a l  f l u x  o f  pes t i c ides  which were no t  inc luded i n  
the  f i r s t  model . 



A s o i l  temperature model has been developed t o  permi t  est imat ion o f  
f rozen layers  w i t h  associated changes i n  water conduc t i v i t y ,  i n f i l  t r a t i o n ,  
and perco la t ion .  I n  many regions o f  the world, snowmel t occurs i n  the  sp r ing  
when a i r  temperature exceeds OoC, b u t  the s o i l  i s  f rozen to some depth and 
r u n o f f  occurs. Also, some regions of tent imes have a warm r a i n  f a l l i n g  on 
a snowpack. The warm r a i n  may thaw the sur face 1-2 cm o f  s o i l ,  q u i c k l y  
saturate the  sur face which o v e r l i e s  a f rozen l a y e r ,  and l a r g e  volumes o f  
r u n o f f  and eros ion r e s u l t .  The combination o f  s o i l  l a y e r i n g  and s o i l  t e r n  
perature w i l l  enable the model to b e t t e r  approximate these condi t ions.  

The snowmel t component o f  CREAMS w i l l  n o t  be modif ied s i g n i f i c a n t l y  i n  
CREAMS 2. Improvements mainly w i l l  be t h a t  f o r  f rozen s o i l  and the use o f  
d a i l y  maximum and minimum temperatures r a t h e r  than the  mean d a i l y  temperature. 
Maximum d a i l y  temperature, f rozen s o i l  layers,  and zero c o n d u c t i v i t y  w i l l  
permi t  the  model to generate l a r g e  vol umes o f  snowmelt r u n o f f  when snowpack 
a c c w l a t i o n s  a re  s i g n i f i c a n t .  

The p e r c o l a t i o n  component w i l l  be improved by r o u t i n g  pulses o f  dra inable 
water through the s o i l  l ayers  having var iab le  conduc t i v i t y .  I n  CREAMS, the 
concept o f  f i e l d  capaci ty  was used, and f i e l d  capac i t y  i s  def ined as the water 
re ta ined  i n  the  s o i l  a f t e r  24-hour drainage. This r e s u l t e d  i n  a l l  the per- 
c o l a t i o n  volume occur r ing  i n  one day. Boundary cond i t i ons  imposed by r e -  
s t r i c t i n g  layers  does n o t  permi t  t h i s  i n  many s o i l s  i n  the rea l  wor ld  s i t u a -  
t ion,  thus the est imated s o i l  water s tate,  a t  some l a t e r  time, was i n  e r r o r .  
This improved perco la t ion  process should improve the  o v e r a l l  model response. 

I n  CREAHS, there were two opt ions i n  the hydroloqy component f o r  e s t i -  
mating sur face ( d i r e c t )  runo f f :  (1)  the  d a i l y  r a i n f a l l  opt ion,  and (2)  the 
Green and Ampt i n f i l t r a t i o n  op t ion .  CREAMS 2 w i l l  con ta in  a t h i r d  op t ion  
which i s  a  f u l l y  dynamic i n f i l t r a t i o n  approach using t h e  Green and Ampt 
parameters, b u t  w i l l  generate the  storm hydrograph us ing the  kinematic 
rou t ing .  The generated hydrograph w i l l  n o t  be coupled w i t h  eros ion and 
chemistry to produce a sedigraph and a chemigraph, b u t  i t  w i l l  i n t e r a c t  w i t h  
eros ion and chemistry to  b e t t e r  de f ine  condi t ions and s ta tes  between the  
p o i n t s  a t  beginning o f  r a i n f a l l  and t h e  end o f  r u n o f f .  

The hydro log ic  component o f  CREAMS considered p l a n t  s t ress  due t o  s o i l  
water, b u t  by the 3-component s t r u c t u r e  o f  the model, i n t e r a c t i v e  s t ress  
f o r  n i t rogen  de f i c iency  was n o t  poss ib le .  'The i n t e r a c t i n g  s t r u c t u r e  o f  
CREAMS 2 and i n c l u s i o n  o f  a  s o i l  temperature component along w i t h  maximum 
and minimum a i r  temperature w i l l  a l low the model t o  cons t ra in  p l a n t  growth 
fo r  water, temperature, and n i t rogen  st ress.  This i s  n o t  to imply  t h a t  
CREAMS 2 w i l l  have an accurate p l a n t  growth model, b u t  the o v e r a l l  processes 
w i l l  be more adequately def ined. 

EROSION 

The eros ion conponent o f  CREAMS, w i t h  some s l i g h t  mod i f i ca t ions ,  w i l l  
be the  p r i n c i p a l  component i n  CREAMS 2. The major d i f f e r e n c e  w i l l  be the 
simp1 i f i c a t i o n  o f  i n p u t  parameters. I n p u t  w i l l  be reduced d r a s t i c a l l y  f o r  
those parameters t h a t  change as a f u n c t i o n  o f  crop growth and t i l l a g e .  For 
example, i f  a s i n g l e  crop r o t a t i o n  i s  repeated dur ing  the  s imulat ion,  and 
general i zed  appl i c a t i o n  i s  made, t h a t  i s ,  the  p l a n t i n g - t i 1  1 ing-harvest ing 
dates a re  assumed to be the same each year  t h a t  crop appears i n  the  r o t a t i o n ,  
the updateable parameters w i l l  n o t  have t o  be repeated each year  the crop 



occurs i n  the  simulat ion. The updateable dates and narameters merelv w i l l  
be read and stored i n i t i a l l y ,  and r eca l l ed  f o r  use i n  each app l i cab le  year  
o f  the  s imulat ion.  This reduct ion may be from as much as 800 cards (1 ines)  
to 50 cards f o r  a 3-year crop r o t a t i o n  and a 15-year s imulat ion period. The 
change i n  output  r esu l t s  w i l l  be neg l ig ib le ,  t h a t  i s ,  s t reaml in ing i npu t  
w i l l  no t  a f f e c t  the r e l a t i v e  accuracy of the eros ion model . 

A dynamic eros ion op t ion  w i l l  be ava i lab le  to the  user o f  CREAMS 2 f o r  
appl i c a t i o n  w i t h  the  dynamic hydro1 ogy opt ion.  Empir ical re1 a t ionsh i  ps 
have been developed t o  r e l a t e  some o f  the  updateable parameters, such as 
the Manning's n-val ue and s o i l  loss r a t i o  t ha t  change most f requent ly ,  t o  
t i l l a g e  surface condi t ion,  crop growth, and crop residue. Base values o f  
these parameters w i l l  be inpu t  and they w i l l  be adjusted i n t e r n a l l y  i n  the 
model. I n  CREAMS and i n  the "stream1 ined" eros ion component o f  CREAMS 2, 
changes i n  these parameters were abrupt, s t a i r - s t ep  type changes made exter-  
na l l y .  I n  the  dynamic vers ion o f  CREAMS 2, there  w i l l  be both abrupt and 
smooth t r a n s i t i o n a l  changes which are more representat ive o f  the system 
being modeled. For example, n-values change abrup t l y  when the  s o i l  surface 
roughness changes due to t i l l a g e ,  b u t  n-values change gradual lv  w i t h  t ime 
and r a i n f a l l  fo l lowing a t i l l a g e  operat ion and w i t h  crop growth. Likewise, 
the s o i l  l o ss  r a t i o  changes gradual ly  w i t h  crop growth; i t  changes abrup t l y  
a t  crop harvest,  and it changes gradual ly  w i t h  crop residue decomposition. 

PLANT NUTRIENTS 

The p l a n t  n u t r i e n t  component o f  CREAMS was ra the r  r e s t r i c t i v e  i n  appl ica-  
t i o n  because a l l  necessary i npu t  and f o rnu la t i on  o f  cyc le  processes were no t  
ava i lab le  a t  the time o f  development. The major components o f  the  n i t rogen 
cyc le were inc luded t o  g ive  adequate respresentat ion o f  response to inorganic 
f e r t i l  i z e r  appl i ca t ion ,  t h a t  i s ,  n i t rogen  i n  runo f f ,  n i t rogen  w i t h  sediment. 
and n i t r a t e -n i t r ogen  leached, which are the  par ts  o f  concern i n  nonpoint 
source pol 1 u t ion .  I t  was recognized, however, t ha t  some important components 
were omi t ted .  They are being incorporated i n t o  CREAMS 2. 

M inera l i za t ion  o f  organic mat ter  and d e n i t r i f i c a t i o n  processes are 
a f fec ted  by s o i l  water content and temperature. The s o i l  temperature model, 
and s o i l  water content  by l a y e r  w i l l  improve the model representat ion o f  
the modeled system. I n  CREAMS, average s o i l  water content i n  the  r o o t  zone 
and mean d a i l y  a i r  temperature were averaged between r a i n f a l l  events, and 
these average values were used t o  ad jus t  t he  process r a t e  constants f o r  the 
per iod between events. The t ime step between events i n  CREAMS 2 w i l l  be 
one day, and t he  processes w i l l  be ca lcu la ted  f o r  each s o i l  l a y e r  using the  
respect ive s o i l  water content and s o i l  temperature f o r  the  layer .  This w i l l  
provide b e t t e r  representat ion o f  f i e 1  d condit ions, and w i l l  permi t  possib le 
m inera l i za t ion  i n  the upper layers  and d e n i t r i f i c a t i o n  i n  the lower layers  
simul taneousl y .  

Ni t rogen f i x a t i o n  by legumes was n o t  included i n  CREAMS because legumes 
do n o t  ass im i la te  ( f i x )  n i t rogen  i n  excess o f  t h e i r  needs and release i t  to 
the s o i l  dur ing the  growing season. However, n i t rogen  ass im i la t ion  i s  impor- 
t a n t  i n  the  ove ra l l  n i t rogen  balance, espec ia l l y  when a perennial such as 
a l f a l f a  i s  grown i n  a r o t a t i on .  F i xa t i on  w i l l  be inc luded i n  CREAMS 2 t o  
be ab le  t o  represent such important crops as soybeans, peanuts, a l f a l f a ,  and 
several vegetable crops. 



Land a p p l i c a t i o n  o f  animal waste and sewage treatment e f f l u e n t  i s  an 
impor tant  management p r a c t i c e  i n  many countr ies.  Organic n i t rogen  appl i ca -  
t i o n  and t ransformat ion are inc luded i n  the improved model. Water q u a l i t y  
problems i n  many lakes have been 1 inked to n i t rogen  and phosphorus r u n o f f  
from animal waste disposal.  A1 te rna te  management systems are needed t o  
reduce o r  minimize the problem. Both 1 i q u i d  and so l  i d  waste i s  considered 
w i t h  a p p l i c a t i o n  on the s o i l  surface, incorpora t ion  by t i l l a g e ,  o r  i n j e c t i o n  
o f  a  s l u r r y .  M u l t i p l e  app l i ca t ions  o f  waste can be considered, such as d a i l y  
a p p l i c a t i o n  by s p r i n k l e r  i r r i g a t i o n  o f  d a i r y  barn wash water. 

The phosphorus conponent o f  CREAMS 2 w i l l  i nc lude  v e r t i c a l  movement o f  
so lub le  P, and w i l l  inc lude phosphorus uptake by p lan ts .  The phosphorus i n  
r u n o f f  and sediment w i l l  remain r e l a t i v e l y  unchanged. 

PESTICIDES 

The CREAMS p e s t i c i d e  component was found t o  be s u f f i c i e n t  f o r  h i g h l y  
adsorbed i n s e c t i c i d e s  and herb ic ides,  w i t h  f o l i a r ,  s o i l  surface, and i n c o r -  
porated app l i ca t ion .  The main d i f f i c u l t y  was f o r  h i g h l y  mobi le pes t i c ides  
and i n j e c t e d  fungic ides and nematicides. The model d i d  not  consider any 
p e s t i c i d e  f u r t h e r  than i n f i l t r a t i o n  from the top 1 on o f  s o i l  i n t o  the 
r o o t  zone. There are nonpoint source p o l l u t i o n  problems associated w i t h  the  
h i g h l y  so lub le  and h i g h l y  mobi le pes t i c ides  t h a t  perco la te  through the r o o t  
zone and they may appear i n  groundwater o r  subsurface r e t u r n  f l ow downstream. 
Therefore, the  CREAMS 2 p e s t i c i d e  component wi 11 inc lude  v e r t i c a l  movement 
to est imate the load  perco la t ing  through the r o o t  zone, analogous to n i t r a t e  
1 eachi ng . 

MANAGEMENT 

The management component o f  CREAMS 2 w i l l  prov ide considerable user 
f l e x i b i l i t y .  For  example, i f  a user has observed records f o r  a  f i e l d ,  and 
wants to compare model s imulat ion w i t h  observed records, i t  w i l l  be poss ib le  
to spec i f y  dates o f  t i l l a g e ,  p lan t ing ,  harvest ing, i r r i g a t i o n ,  f e r t i l i z a t i o n ,  
etc. I f ,  however, a  user wants to make long-term s imu la t ions  and knows 
approximate dates o f  these operat ions, the  model w i l l  determine the dates 
o f  t i l l a g e  i n t e r n a l l y .  I t  w i l l  compare s o i l  water content  i n  the t i l l a g e  
layers  w i t h  a threshold value (poss ib ly  75% p l a n t - a v a i l a b l e  water),  and 
t i l l a g e  operat ions w i l l  n o t  be app l ied  u n t i l  the simulated s o i l  water content  
i s  reduced below the threshold value. Also, by coding the type o f  t i l l a g e  
operat ion, such as f o r  moldboard plow, d isk  harrow, c u l t i v a t o r ,  etc.. the 
depth o f  t i l l a g e  and amount of crop res idue m i n i n g  on the sur face w i l l  
be determined i n  the model. Mix ing e f f i c i e n c y ,  such as w i t h  f e r t i l i z e r  
app l i ca t ion ,  w i l l  be inc luded i n  the management component. 

I r r i g a t i o n  schedul i ng can be provided by the  management component. 
Supplemental i r r i g a t i o n ,  i n  the actual  f i e l d  s i t u a t i o n ,  i s  o f t e n  based on 
some minimum s o i l  water content, and a p p l i c a t i o n  amounts a re  j u s t  s u f f i c i e n t  
t o  r a i s e  the  water content o f  the p r o f i l e  back up t o  t h a t  o f  f i e l d  capaci ty .  
The th resho ld  l e v e l  o f  s o i l  water content i n  the upper s o i l  l a y e r s  when the 
model user  wants i r r i g a t i o n  app l ied  can be spec i f i ed ,  and the model w i l l  
determine the date and amount o f  i r r i g a t i o n  water t o  be appl ied.  An a1 t e r -  
n a t i v e  o p t i o n  to the user i s  to modify, before the s imulat ion,  the p r e c i p i t a -  
t i o n  f i l e  f o r  the s p e c i f i c  day and amount o f  app l i ca t ion .  



Another fea tu re  o f  the management component r e l a t es  t o  the t i l l a g e  
p rac t i ce  o f  subsoi 1 i n g  (Untergrund) t o  break a plowpan o r  compaction 1 ayer. 
Subsoi l ing i s  p rac t i ced  a t  i n t e r va l s  o f  a  few years t o  penni t  water and 
p l an t  r o o t  penetrat ion, and the ef fect iveness decreases w i t h  t ime and 
machinery operat ions as a func t ion  o f  s o i l  water content. The model w i l l  
r ese t  saturated conduc t i v i t y  o f  the l aye r  subsoiled, and ad jus t  the new value 
w i t h  t ime u n t i  1  ef fect iveness ends. 

Other features w i l l  be inc luded i n  the management component t o  make the 
ove ra l l  model more adaptable t o  rea l  f i e l d  operat ions. Also, the model 
s t r uc tu re  w i l l  be simp1 i f i e d  f o r  user appl i c a t i o n  and convenience. 

SMALL WATERSHED MODEL (SWAM) 

There i s  a p r o j e c t  i n  the U.S. Department o f  Agr icu l tu re ,  Ag r i cu l t u ra l  
Research Service, to develop a mathematical model f o r  evaluat ing nonpoint 
source pol 1  u t i o n  from small watersheds. A1 though t he  SWAM (acronym f o r  
Small WAtershed k d e l )  p ro jec t *  i s  separate from the  CREAMS pro jec t ,  SWAM 
w i l l  use the CREAMS 2 model to generate source response from unit-management 
s i ze  areas. SWAM w i l l  consider watersheds up t o  about 15 km2 i n  s ize.  

Response from the  CREAMS elements w i l l  be routed i n t o  and through the  
channel system to the watershed ou t l e t .  The purpose o f  SWAM i s  t o  evaluate 
the downstream e f f e c t s  o f  a g r i c u l t u r a l  management systems on nonpoint source 
po l l u t i on .  

Output from the CREAMS elements, t h a t  i s ,  sur face runo f f ,  percolat ion,  
sediment, and so lub le  and adsorbed p l a n t  nu t r i en t s  and pes t i c ides  from f i e l d  
s i ze  areas, w i l l  be routed by SWAM to the  watershed o u t l e t .  Although the 
model has no t  been completely formulated, the basic  s t r uc tu re  has been con- 
ceptual i zed  by the  developers. It w i l l  be a physical ly-based model t h a t  
w i l l  not  requ i re  c a l i b r a t i o n  f o r  t he  s imu la t ion  mode. As i s  the  case w i t h  
CREAMS, SWAM w i l l  not  be a p red i c t i ve  model i n  absolute quant i t i es .  However, 
i t  w i l l  be a va luable too l  t o  est imate the aggregate e f f e c t s  o f  a l t e rna te  
ag r i cu l t u ra l  management p rac t i ces  on nonpoint source p o l l u t i o n  from small 
watersheds. 
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GENERAL CONCLUSIONS 

The case studies i n d i c a t e  some very impor tant  f a c t s  t h a t  p o i n t  t o  the  
need f o r  physical ly-based models. Through the  case studies some important 
conclusions developed, espec ia l l y  about the CREAMS model app l i ca t ions .  

F i r s t  o f  a1 1 , the problem o f  the environmental consequences of a g r i c u l -  
t u r a l  management e x i s t s  i n  many coun t r ies  o f  Europe and i n  the  USA. There- 
fore,  a mathematical too l  i s  needed f o r  proper i n v e s t i g a t i o n  of these prob- 
lems. The s i z e  o f  the problem and the nature of the  environmental conse- 
quences a r e  n o t  the same i n  a l l  l oca t ions .  For  example, sediment may be 
the  pr imary p o l l u t a n t  i n  one loca t ion ,  b u t  i n  another area which has sandy 
s o i l s  w i t h  a f l a t  topography, e ros ion  and sediment i s  n o t  a concern b u t  
n i t r a t e  leaching t o  groundwater may be important.  Another l o c a t i o n  which 
has l i t t l e  groundwater and much d i r e c t  runoff, n i t rogen  and phosphorus 
losses from f i e l d s  may cause a eu t roph ica t ion  problem i n  lakes. Since f i e l d  
observat ions and labora to ry  a n a l y t i c a l  procedures a re  time-consuming and 
expensive, o n l y  t h e  most impor tant  components o f  t h e  s i t u a t i o n  a re  measured. 
Very seldom do we f i n d  observed data f o r  the  complete system--runoff, per- 
co la t ion ,  erosion/sedirnent y i e l d ,  n i t rogen  i n  runo f f  and sediment, n i t r a t e  
leached, and pes t i c ides  i n  r u n o f f  and sediment. Even i n  t h e  USA where there 
i s  extens ive a g r i c u l t u r a l  research i n  d ive rse  s o i l  and c l i m a t i c  regions, i t  
i s  extremely d i f f i c u l t  t o  f i n d  complete data a t  one l o c a t i o n .  There was 
o n l y  one such l o c a t i o n  where data were a v a i l a b l e  a t  the t ime CREAMS was 
developed, Watkinsvi l l e ,  Georgia. Even a t  W a t k i n s v i l l e  the re  were no data 
f o r  p e r c o l a t i o n  and leaching because t h i s  component was n o t  s i g n i f i c a n t  
there. 

Water q u a l i t y  planners cannot be expected t o  have o r  l e a r n  to use a 
d i f f e r e n t  model f o r  every problem o r  loca t ion .  This i s  the very reason 
t h a t  the  physical ly-based CREAMS model was developed. Model t e s t i n g  i n  the 
United States had t o  be made w i t h  a p a r t i a l  data s e t  from one l o c a t i o n  t o  
t e s t  a p a r t i c u l a r  model component, and another data s e t  from a d i f f e r e n t  
l o c a t i o n  to t e s t  another component. This was a comnon observat ion among 
t h e  case s tud ies  i n  Europe. 

Although a p p l i c a t i o n  o f  a model, e i t h e r  i n  v a l i d a t i o n  o r  s imulat ion,  
requ i res  considerable s c i e n t i f i c  e f f o r t ,  sound i n t e r p r e t a t i o n s  o f  the 
r e s u l t s  may be more d i f f i c u l t .  Since the model and s i t u a t i o n  being s tudied 
are complex i n t e r a c t i o n s  o f  c l imate,  s o i l  processes, and management, i t  i s  
necessary t o  have a good understanding of both the  model and the forces t o  
make good i n t e r p r e t a t i o n s .  I t  requi res a p p l i c a t i o n  o f  sound profess ional  
judgement. Many conclusions a re  presented i n  the case studies,  and the 
most impor tant  ones are summarized here. One very s i g n i f i c a n t  conclusion 
can be made. The t r a i n i n g  and experience o f  the  i n d i v i d u a l  s c i e n t i s t s  
involved i n  the  case studies are very d iverse.  The CREAMS model i s ,  ad- 
mi t t e d l y ,  very complex. Yet, these s c i e n t i s t s  were ab le  t o  take the model 
pub1 i c a t i o n ,  and w i t h  a minimum o f  t r a i n i n g  i n  app l i ca t ion ,  make t h e i r  
respect ive case studies and i n t e r p r e t  the resul  t s .  

SPECIFIC CONCLUSIONS 

Conclusions were made i n  each case study, depending upon the respect ive 
a p p l i c a t i o n  o f  CREAMS. Several conclusions were s i m i l a r  f o r  d i f f e r e n t  cases 



The f o l l o w i n g  i s  a  summarised l i s t  from a l l  the  case studies:  

o  The CREAMS model genera l l y  gives good representat ions o f  the 
hydrology, erosion/sediment y i e l d ,  and chemical processes. 

o  The model shows promise f o r  f u t u r e  a p p l i c a t i o n  i n  European 
condi t ions,  b u t  r e v i s i o n  and a d d i t i o n  o f  some processes a r e  
needed, e.g., snowmel t, f rozen s o i l ,  perco lat ion,  leaching, and 
a p p l i c a t i o n  o f  organic  f e r t i l i z e r .  

o  CREAMS i s  n o t  a  p r e d i c t i v e  model i n  absolute q u a n t i t i e s ,  b u t  i s  
a  usefu l  t o o l  f o r  eva lua t ing  e f f e c t s  o f  a l t e r n a t e  management 
systems. 

o  CREAMS should be c a l i b r a t e d  when observed data a re  a v a i l a b l e  f o r  
tes t ing .  Empir ical c o e f f i c i e n t s  i n  the  model should be evaluated 
f o r  European condi t ions,  e.g., evaporat ion c o e f f i c i e n t s ,  r a i  n f a l l  
energy re la t ionsh ips ,  and r u n o f f  r a t e  c o e f f i c i e n t s .  

o  CREAMS i s  a  f i e l d - s c a l e  model, b u t  i t may be a  foundation f o r  some 
regional  studies, and i t  may be used e f f e c t i v e l y  as a  component 
o f  l a r g e r  watershed models. 

o  S c i e n t i s t s  c u r r e n t l y  a re  working t o  develop an improved and more 
comprehensive model --CREAMS 2 .  Improvements wi 11 he1 p  t o  over- 
come some o f  the  problems i d e n t i f i e d  by the  case studies and w i l l  
inc lude:  so i  1  temperature component, snowmel t / f r o z e n  so i  1  , 
improved n i t rogen  cyc l  i n g  components, v e r t i c a l  f l u x  of pest ic ides,  
and a  t o t a l l y  l i n k e d  ( s i n g l e )  model s t r u c t u r e  to f a c i l i t a t e  complex 
process i n t e r a c t i o n s  and model feedback. Further, i n p u t  o f  para- 
meters w i l l  be s i m p l i f i e d  f o r  more e f f i c i e n t  user  app l i ca t ion .  


